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ADVERTISEMENT. 

THE fevetal Branches of Mathematicks^jeated of ia 
this Book, are expeditloyil}; taught by; tjhe AiVrTHOB^ tt 
IiisHoufe mDeptford', where maybe had all Sots of Sliding 
Rules and Scales:, Asali^ S^^torsil^ delineatrngShps^DiiagORal 
ScaleSj ^c* on firai^ Wood, or FaAe-board. Attendance- ^roar 
iix to eight every 'ENtv^g^^sxegXTFednefdiiys ^Saturdays* 
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THE 



P R E F AC E. 

THOUGH the art of Ship-building is of the utmoft 
coniequence to the trade and iecurity of this nation, 
and a competent knowledge of the theory of it neceflary 
for every Shipwright, yet I cannot think of a fubjed which 
has been (b little treated of in our language. 

. This confideration induced me to offer the following fheets 
to the publick, which are calculated for the inftrudtion and 
improvement of fhipwrights in the art of delineating or draw- 
ing of ihips, being fa\\y perfuaded that any thing which (nay 
be conducive jto this end muft be of great feivice to the pub- 
lick in general. I therefore flatter myfelf that this attempt 
will meet with a favourable reception, though it were to be 
wiihed it had been imdertaken by fome perfon of abilities 
greatly fuperior to mine- 
In order to make this treatife as ufefiil as poiHble, I have 
briefly explained the nature of proportion, the principles of 
geometry, the invention of logarithms, and theii* ufe in the 
conftrudion of the line of numbers, by which, I prefume, 
any perfixi that is acquainted with common arithmetick, may, 
with a little application, be able to conflrud the lines him- 
ielf, and have a clear idea of all the operations by the Aiding 
rule, in meafuring furfaces and folids j a method fo expedient 
and ufeful, that jt i^ univerfaJly pradifed in meafuriug all the 

plank 
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ii 72^ P R E F A C E. 

plank and timber received into his majefly*8 yards, arid ufed 
not only by (hipwrights, but by many other artificers, as 
joiners, painters, 8cc. 

The divifions on the line of numbers, in plate No. II. are 
taken from tjie fcale of equ4 {tarts in the £un^^late, which 
is divided in the exadcft manner, and may be of gr«4t ufe 
to the reader, not only in comparing the diftances mealured 
on the fcale with the table of logarithms, in order to examine 
f)o<w the lines have insonigrajiitdt^ to^iJii> f^:t;^gppqftni<ii"n 
«f gec^metrical iB^accs, as any jgiyeQ>4w in^ffHwd *djfl^ffQres iiay 
t)e meafured isy it toja ¥ery ^e»t <usa|iu»cy^ 

Tho* it ism& be^allomed thd( 4it ]KVi9pws$«^iecon»ett3i;, i;ti^ 
gonometry, logQid^os,.asid tknofvi^vm fi^ IpiayK hsea ^ 
^ent(y ex^loinod by txuay (SHifiiieot mikc^^^ hiV» vnrote 
<m thdk {vk^ty yet J idbough^ ^t ft^q^m to i^«sit«oQ«tte^ 
of them hax, sBiattoStSsaj lb lh^ mfiin dei5gn» whiph » 
Co inlWiid ^ Jhipwrigjlit to fonnfill Iw wo^ bf wwtjyia^H 
tical rules ; and, as he is fvrnifbiad <m4i H»rfiy .tbu^gibit .» 
neceilary in diistreadie, I have no 09Qa£fin toiseferium t<M»^ 
ther boc^s, with which perhaps be soigbt 90t W ^Jfiuihfiiiif 
I did. 

In the fecond part, I have end^v^Oiurecl to €XpUm. ihr 
method of reprefeoting-foUds xipQa{i|4ane, -with the applica- 
tion thereof to the delineating c^ ihips, in which I have given 
definitions of all the terms and Hoes mtbde^iie of indnawiiig^ 
I have alfo fhewn the methods that are gpc^endly {»a6afed,and 
the difficulties and inconveniences attending tlKna, which I. 
have endeavoured to facilitate by a fedor of my own in- 
vention, confbuded for that purpofe ; a method entirely 
new, and, though deduced from mathematical principles, 
does not reflrain the aidfl from dif[^ying all the (kill and 

judg- 
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7& PREFACE i^ 

^dgment hs is maf^r of in, varying, tbof^rot q£ thr QViDVes 
a^BB te-be moft iuit^ble for die iknnot Ibf ipiM<s)» «ib« f^ W 

The thifd pact cdciifiaii»lai»l furvdying^gfiogcaqp^ and na^ 
vigadon, witk an an^Jemma divided ial fir carious, ao^ acx:\H 
<aite a matuMr, ^t bp a noQiua&divifi(>atht.pQk maj[ be fet 
td £wy latkude, emeol to three xniimtss^ aQd!£dyt thtt. {iroblcsB^ 
diat are ufiial^ felwed by the g^obc. ma^r be pedliDJriced with 
greatsf exa^e& b^ thki ijiftn^ofent. I hmet alfeihevm thei 
method of cooftvudii^ tht plain and il/<flnr«rt0r ^: cham, th^ 
Hiantn^r ct keeping ^ Kdtoning, and of fincfing the latiHude 
and variotionof the cotipafe by casleftiai dbftarvaiJba'^ tci vihich 
I have addsd table^oif the fin's daclinadon^ o£ diftareace of 
hrtitudeaAd dqtaxtoye^ of meridionsl partly c£ logarirfimg, astd 
o^ aiiafieiat fines, tangents, and fecantsi. 

TW it maybe the opmiui of many that l3xia 3d:part,^ with 
the tables, might have been omitted, as hosing sPinco^flary 
conn^on wid^ the theory of ^upbuilding, yet, ar I was de- 
fiioUs of making this treatiie uniwec&% nlehil^ T thought ii6 
i«quifit» it ihould contain them, thon^ it would ha^e beenr 
my intereft to hanre done othefwiie. 

Some time after the firft, and moft of die fecxntd part haid 
been i» the prefi, a treatiie in Freneb on the fame fubjed^ 
by the ing«niotis M, du Ha$Hel du Mm^eaUy Member of the 
Royal Academy of Sciences at Paris, and FeHow of the Royal 
Society iXLondofty fell into my hands, and, as I iaaagined that 
tvery body would be defirous of feeing what has been wrote 
on Ship-buiiding, by a fisreign author of fuch dii^in^bicin, I 
have added, by way of appendix, an abridgment of that work, 
which I doubt not will be agreeable to fuch as are not ac- 
quainted with the French language, or have no opportunity 
of perufing the original. 

I flat- 
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iv 77>e PREFACE. 

I flatter my (elf, from the high repute Monf. Du Hafneti 
writings have every where jufUy acquired, that the additional, 
price of O^s. bd, for the Englijh abridgment of his book on 
Ship^building, annexed to mine, will not be thought much 
of, when it is confidered that the original fells for 1 8 x. 

I cannot conclude this preface v\dthout acknowledging the, 
great obligation I am under to the principal officers and gen- 
tlemen in his majefly's fervice, not only in the yard where I 
have the happinefs to be employed, but in feveral others, as 
well as in the navy, for their kindne& in encour^iig this 
work, feveral of them perfbns, whofe abilities are fuch, that 
it would be the greateft vanity in me to imagine' they would 
countenance the undertaking on account of any information 
they could exped to derive froha it themfelves ; ' their true 
motives were aoubtdcfs a confcioufncfs of tiie important fer- 
vice of fuch a piece to yoimg fhipwrights, and a generous 
difpofition to encourage induiby. 

I believe it will appear very obvious to every body, that I 
have fpared no pains or cofl in endeavouring to raider this: 
work as compleat as poflible, to which end I have fubmitted 
the mathematical part thereof to the perufal and amendment 
of a gentleman whofe abiHties in thefe matters would be indif- 
putable with the publick, were I permitted to name him. 

The fuccefs of my labour I reft entirely on the judgment 
and candour of my readers, by which I muft ftand or fall ; 
whatever may be the event, I fhall always have the fecret 
fatisfadion of refleding, that I have fincerely aimed at what 
is ufeful, and very much wanted in the Englijh language. 
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THE THEORY OF 

SHIPBUILDING and NAVIGAtlON. 

V 

— — — — ^ ■ I I 

PART I. 
C H AP. I. S E CT. L 



Qf Involution and Evolution of. ^aritities. 

IF a number be multiplied by itfelf, and the product by the fame 
number^ and the new produdt again by the fame, and fo on, it is 
faid to be invplved into ilfclf fo many times, and the fjv.eral pro- 
duifls arc diflinguifh'd into poycrs of different denoniinationSy of 
all which the originai nutriber is called the root j the firft product being 
its fecond power ox.fquare ] the fecpnd thtf third power, or cube ; the 
third the fourth power, or biqiiadrate, &c. Thefe powers arc ufually 
denoted by a fmall figure annexed abovcthe laft digit of the root. Thus 
I2» fignifies the fecond power .or fquarci of the root 12, being equal to 
144; 12* the third power. Or. cube thereof, eaual to 1728,. &c. and fo 
the feveral powers may be orderly expreffed thus, 12,12*, i2S 12V&C. 
thatiS) 12 root, J 2x1 2=^^144 fcpiare^ i2xi2Ki2 = i728 cube, 12x12x12 
X 1 2 =2073 6, biquadrate, &c. 

Square and cube numbers have- borrowed their denominations from 
geometrical figures or extenfimi^ ^e root \being reprefented by a right 
line, which has but one dimenfion^' nn^ii. Itogh ; the fquare by a plane^ 
or right lined figure of two dimenfions, having equal length and breadth ; 
and the cube by a right lindd fofid of three dime^^fions, having equal 
length, breadth, and thicknefs. 

Thenature qf fpace admit?; of ^np* other modes of cxtenfion, than 
length, breadth,, and thk:knei^;neith^c v^% pofiible to conceive ^ny body 
otherwife to exifl than under thefe limitations. 

That the reader may have a'diftin£t idea oif the method of extrading 

B . the 
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4 Of Involution and Chap. I. 

the fquarc and cube roots, we think it neceffary to make the following 
remarks on tnultiplication^ ^odtp iji^w.jiow ajiY root, by being divided 
into two parts (or made a bJnoniial) may be raifed to the fecond or third 
power, &c. 

^ ^iope jxualtipljc^tiqn^nm be. confided as^a majiifcUl a^cjifion,^ it.Js 
•oeMiHi^ that 'if *tkbe]> or bdui nnnlti^licUnd^ and muUlpl^eF b^ diviile^ into 
parts, and all the parts of the one be multiplied by all the parts of the 
other, the fum of all the products will be equal to the produ(9: of the 
whole multiplicand multiplied by the whole m'ultiplier, and this method 
is^ what is in efFeft performed by the common rule, when either or both 
cbnfift of more than one fignificant figure, as will appear Eythe follow- 
ing examples, viz. 

EXAMPLE ^ I. '- 

Let the number 24 be divided into two parts, viz. 20 and 4, and 
multiplied by 4. . 

20 4- 4 S3 ^24 By the coramto'rule 

4 4 4x4=16 

• &a+i6 =.96 . ' . ; ' .- ., 4x20=: 80, 

EXAMPLE 11. 

L?t the number 248 be divided into three part?, "Dtz. 209, 40, and 8, 
apd multiplied by 24 or zo\\. / . 

' 206 + 49+8 = 248 

2Q 4- 4 r= 24 

4x200+ 4x404-4x9 992 * 

20 X 100 4 20 X 40^ 4 20 X 8 496 • 

'20 k 2IDO + 20 X 40 + 20 X 8 + 4X 200 4- 4 X 404-4 X 8 :ss i^^X 

By the common nile* - ^ 
4x8= 52 

4x46^3 IDO 

■i. . .; .\ ; 20x40= 800 , ■ ■ . , 

20 x aoo pa 4^Q O 

' Though there is no occafion t6 fct down the ftveral ppodu<!):s^, as in 
the above' exampleiy,- becailfd the excefe jJ>ove tJ>e tans may be pttaineil 
in the memory, and added to th^hcit placoi which is alwa]^ the me- 

"■ ' • ' thod 
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SicT. I. Evolution ^Quantities. ^r 

thod obfenred in pradke; yet this will very much affift us in perceiving 
the reafoi) of the rules for eztraAing the fquare and cube roots of any. 
numbers, by carefully obferving the fteps by which any root is raifcd to 
tfaofe powers, as in the following example, viz. 
Let the root be 24 :» 20 *f- 4. 

20 + 4 
20 + 4 

4x20 + 4x4 
26 X 20 + 4 X 20 



Square^ or fecond power, 20x204-4x20 + 4x20 + 4^47 _ ^ 

or 20*+ 2x4x20 + 4* i"" 

.24 



4x4=16 '4x4= 16' 

AX 20= 80 7 ^ '^ ,^^ 

. ^ o^r 4 X 40= loo 

. 4x 20 =s 80 3 t -f 

20 X 20 ==400 20 X 20 = 400 

: . "576- . . ' . "^.- '' ... 

It is evident from this operation, ^that any fquare jiumber whofe root* 
is divided into two par.ts, is equal to the fum of the fquares of thofe 
parts, and double their product; added together. 

This obfervation will hold equally true when the root conflfts of more 
than two figures^ ty repeating the procefs for every fighificant figure, as 
in the fdlo wing example, w;c. 

Let the root be 243 5, or 2«oo + 400 + 30 + 5 

. . 2000* :;p 4000000 

2 K ^000 X 4OO St 1600000 

j/, fuppofe the root 2400 ,400*= 160000 

binomial parts 2000 + 400 4400*= 5760000 

zdy root 2430 2 X 2400 ^ 30 = 144000 

binom ial parts 240Q -p 30 , ' [_ 30* = 222 

si, root ^ii " 2430*= 5904900 

?. . , _^ — r; , 2 X 2430 X 5 = 24300 

binomial parts 24^0 + 5 . . '.. l*— 25 

2435*= 592922 5_ 

By &is metliod it is plain, that we find a iqtiace fi>r every figure in the 
root, and that in finding the- iqaare of the fitft figures, we foppofc all 
thcrdft to be- cyphers, and fo on till t^ whole .kj^e is compofed l>y 
the addition of one fig0lfiaint^figiu»-after.oiQbop«rattc»L . 

B a Note, 
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6p Of Lrjolution and Chap. -I. 

; Note, That for every .fignrc that is annexed to the firft figure in the' 
root, there will be two in the fquare } thus, 2* is 4, 20* is 400, 20a* is ' 
40000, 200a* is. 4000000, &c. . ' 

In like manner the cube of any number may be found, by dividing* 
the root into parts, as in the following example, viz. 

Let the root be 24, or 204-4, as before. 
Then the fquare will be 20* -f 2 x 20 x 4 + 4* 

20 4-4 root 



2d, 



20» = 8000 

3 X 20* X 4 = 4800 

3 X 20 X 4* =: 960 

4'= 64 



20*X 4+ 2 X 20 X 4* 4- 4' 
20^ + 2 X 20*X 4 4* 20x4* 
Cube, or third power 20*4- 3 ^ 20*X4 4" 3 X 20 X 4*4- 4' = CUbe of 24 = 1 3824 

Hence it appears, that if any root be divided into two parts, the cube 
will be compofed of the four following funis, viz. 

I/?, The cube of the firft part. 

2dy Three times the fquare of the firft part multiplied, by the fecond 
part. 

3^/, Three times the firft part, multiplied by the fquare of the fecond 
part. ' . ..... 

4^^, The cube of the fecbnd part 

If the root confifts of more than two figures, the fame method hiay 
te obferved as in compofihg the fquare, by taking the two firft figures 
for one part, and the next figure for the other part, and fo on till "all the 
fignificant figures are brought in. This is fo plain, that w6 think it need- 
lefs to give any example here j and as the only ufe we fliall make of it 
will be to fliew how to extra<3: the cube root, we fhall jaft obferve un- 
der this head, that for every figure annexed to the firft figure in the root, 
there will be three in the cube, befides the cube of the firft figure ; thus, 
2 Ms 8, 2.0' is 8000, 2oq' is 8000000, &c. 



S E C T. II. 

Evolution of ^antities^ 

Evolution is the unfolding, or refolving of any number into, the 
parts of which it js compofed, and is called the exti'adlion of the 
root of any given power; by means of which, we find a number, that 
being multiplied by itfelf as many times lefs one,, as the index of the, 
power contains units, will produce the given numbcr< 

In 
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In order to this, the method iilready obfervcd, aj^d the fteps taken in 
the involution of the binomial root mull be cartfuHv attt;ndcd to, in 
Nvhich it will not be difficult to dilctrn ho ^ each part of the root is con- 
cerned in the power* 

To Extract the Square Root. 

As the fquare was compofed by multiplication and addition, the root, 
muft be found by divifion and fubtraiition. 

When the root of any number is required, the firft thing to be done 
is to prepare it, by points fet over fuch places as the index of the power 
diredts, always beginning at unity, and proceeding towards the left hand, 
if the given number (which we fhall call the refolvend) be integers, and 
towards the right hand, in decimal parts j now the index of the iquarc 
being 2» there muft be a point over every fecond fignre, as in the fol- 
lowing example, W2?. 

• » • • 

Let the given number be .5929225 

Having pointed the given refolvend as above, to find the firft figure 
take the greateft root that is contained in the firft period, which in this 
cafe is 2000, the fquare of which is 4000000. Subtraft this from the 
refolvend 5929225, and there will remain 1929225, which is called the 
firft dividend. 

Now this number contains double the produft of the firft figure mul- 
tiplied by the fecond figure, and the fquare of the fecond figure, as is 
evident from the method we ufed in compofi^ng the fquare. 

Divide this dividend, therefore, by double the firft figure, and the 
quotient will be the fecond figure, provided that when it is multiplied by 
double the firft figure, and the produ<5t added to the fquare of the fecond 
figure, the fum does not exceed the dividend. In this example 4000 is 
double the firft ^gure in the root, and when this is made a divifor to the 
dividend, the quotient will be 400. 

In the next place, multiply this fecond figure by double the firft, or 
which is the fame thing, by the divifor, and add the fquare thereof to 
the produft, and their fum will be 1760000 ; fubtrad; this from the di- 
vidend, the remainder will be 169225, the fecond dividend. 

And now we have in eflfeA fubtraded the fquare of the firft two fi- 
gures; for in the firft ftep we fubtraded 2000% and in the next 2x2000 
x4oo-f-4oo*, all which make 2400*. The fecond dividend will there- 
fore contain double the product of the firft two figures multiplied by the 
tljird, and the fquare of the fame third figure. Thereifore, 

To find the third figure, double the fiirft two figures for a divifor to 

this 
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this dividend, and the quotient will be 30 ; multiply this by the divifor, 
and add the fquare of the quotient to the produ<9: ; the fum will be 
144900. When this is fubtradled from the dividend, the remainder 
will be 24325, the third dividend ; to which there muft be a new divi- 
for found by doubling the figures already found in the root, and the quo- 
tient will be 5, the fourth figure. And by obferving the fame method 
as before in the operation, there will be no remainder, fo that 2435 will 
be the true root required. 



Refolvend 5929225 
2000* = 4000000 



ijt divifor 2000 x 2 : 


= 4000)1 


929225 


4000 X 400 = 


1600000 




400* = 


160000 




- 


1 


760000 


%d divifor 2400 x 2 : 


= 4800) 


169225 


4800 X 30 := 


: 1 44000 




30* = 


: 900 


144900 


id divifor 2430 x 2 = 


= 4860) 


24325 


4860 X 5 = 


: 24300 




5* = 


= 25 


24325 
t • • • • 



( 



2000 "I 

400/ __ 



^435 



tfi dividend 



id dividefid 



3^ dividend 



By comparing this operation with that by which the fqaare number 
5929225 Vsras compofed as above, the reader will obferve, tibat the fame 
numbers that were there added together to make up that fum, are hereby 
regularly fubtradled from it. So that this method of difcorcring the 
root is only the reverfe of that by which it wa$ raifed. 

We fhall conclude this head with obferving, that there is no neccffity 
in pradlice for annexing all the cyohers to the divifors and dividends, nor 
of fubtrafting the fquare of the nrft figure from the whole refolvend 5 
but the feveral periods which it 'confifts of, may be brought dawn one at 
a time, as in the following example, viz. 



Rc^ 
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'" jRefolvejid 1794098506^(4^35^8 ropt . ..." 

\ 16 -^ greateft fquare in 17 

zfi divifor Z%) T94 

2 164 = 82 X 2 

24/di>ifor 843) 3009 

3 25^9 - ' 84^3 xj 

3^ divifor 8465) 48085 

5_ 42325 '= 8465 X 5 

4tb divifor 84706) 576006* 

6 508236 = 84706 X 6 

^tb divifor 847128) 6777024 

8 6777024 =5 847128 X 8 

- Obferve ^always, that ^fter having doubled the root in the qpotient 
for a divifor, we are to enq^iire how oft it may be had in the dividend ; 
fe ;?6 when the .quotient figure is annexed to the divifor, and thajt increafe4 
divifor multiplied by th? ^aofie quotient figure, the produft may be the 
gre9,t^ i)i)Qit}er th^t cp^ be had in the dividend : And £0 prpceed fron^ 
period to period till the whole is finiflied. 

By puridin^ this method in e^tra^ting the root of the Iquare nua>ber 
592922 ;, the reader will obferve that the operation is ejca^ftly the i^mq 
as before, oijiitting the. cyphers. , . 

To Extract the Cube Root. 

We fliall obferve the fame method in extrading the cube root, as we 
have done already in the fqMAre root ; that is> by conQdering it as di- 
vided into two parts in different operations, tiftt We have difcovered all the 
fignificant figures thereof. 

Let the number, or refolvend, whofe . cube root is required be 

13824. 

When it is propei4y'pointed zk above, it appears that the root will con- 
fift of two figures. 

The firft figure in the root will be the greateft root that can be had in 
•he firft period 13000, which is 20 j the cube of which 8000, muft be fub- 
traifted ftom the refolvend, and the remainder will be 5824, for a dividend. 

As we hav« already fubtrad;ed the cub? pf the firft part ao, this 
nutpber muft contain three times the. fquare of that firft part mul- 
tiplied by the fecbnd part, three times the firft part multiplied by 
the fquarp of the fecond^ and the cube of the fecond part, added toge- 
' ' ' t2iy. 



Digitized by 



Google 



lo Of Involution and Ch af. I; 

ther. Therefore, if this dividend be divided by three times the fquare 
of the firft part = laoo, the quotient will be 4, the fecond figure re- 
quired : Then 3 times 20* x 4, 3 times 20 x 4% and 4' muft be added 
together, and the fum fubtraAed from . the dividend, as in the following 
example, viz. 

« • 
Refolvend 13824(24 root 
20' = 8000 



Divifor 3 X 20* = 


: 1200)5824 


3 X 20* X 4 

3 X 20 X 4* 

4' 


= 


4800 
960 
64 
5824 



By comparing this example with that which we have given before, 
where the binomial root 20 + 4 is cubed, the reader will obfervc, that 
the very fame numbers which com pofe the cube 13824, and are there 
added together, are here regularly fubtraded from it. This method of 
cxtradking the cube root, is, therefore, only the reverfc of that by which 
it was raifed. 

We (hall give one example more, without annexing cyphers to the 
divifors and dividends. 

Let it be required to extract the cube root of 94818816 

94818816(456 

I diviibr 4* x 3 = 48 )" 308 18 dividend 
3 X 4* X 5 ;= 240.. 
3x4x5*= 300. 

5»= 125 , 

-'^y^^g 

2 divifo r 45* x 3 =: 6075 ) 36931^16 dividend 
3X45*x6= 36450.. 
3x45 X 6*= 4860. 

6»= 216 . . . 

3^938 »^ 

It is here to be noted, that the two laft figures' In the dividend muft 
be excluded, before ^t enquire how ofleix the divifor (which wants two 
cyphers) is contained in it, becauie wheq'we proceed to find the fecond 
figure in the root, the firfl muft be coiifidered m the place of tens; and 

when 
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when we are to find the third figure, it muft be confidered in the place 
of hundreds, this will appear very plain by. annexing the cyphers in the 
operation. 

As the divifor found by this rule, multiplied by the new figure in the 
root, is not all that is to be fubftrafted from the dividend, but alfo three 
times the firft part multiplied by the fquare of the fecond, and the cube 
of the fecond, as in the foregoing exkmple ; it will fometimes happen 
that the quotient muft not be taken for the next figure in the root, 
thus, if the dividend 30818 be divided by 4800, the quotient will be 6, 
but 3X4o*x 6-|-3X40x6*-|-6'=33336 which exceeds the dividend, 
therefore it will be heceflfary fometimes to try how nnich the number 
X9 be fubftra<£ted will amount to by the foregoing rule, before we can 
determine upon the new figure in the root. 

If, as it often happens, a number has not a? root that can be ex- 
prefled by a/ rational number, place as many pairs of cyphers in the 
fquare, 2ind ternaries of cyphers in the cube, on' the right hand of the 
remainder^ as yoa wodid have decimal places in the root, and work as 
before^ diftinguifhii^ them: from the integers by a connna between j and 
thus y6u may approach infinitely near the exaft root. 
. Mathematicians have proceeded further in the involution and.evolu-. 
tlon of quantities, viz. to the 4th, 5th, 6th, 7th, 8th, and 9th powers, 
called biquadrat, fhrfolid, fquare cubed, fecond furfolid, and biquadrat 
iquared, but as we flmil not have occafion to apply thcfe in practice, 
it is fftfficicDt barely to mention them. 

How to raife a given root t6 any potver^ or to extradt the root out 
of any given power, by the help of logarithms, fhall be fliewn when 
we coixie to treat of logarithmsi and tl^ir various ufes. 
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C II A P. II. SECT. I, 
Of PROPORTION. 

Til E whole body of the mathematlcks is chiefly concerned in com- 
paring quantities one with another ; their mutual relation is what 
is called proportion, which is either arithmetical or geometrical ; and as 
quantities may be reprcfented by numbers^ or lines, we ihall firft con- 
fider proportion with refpe<a to numbers. 

Arithmetical proportion is, when in comparing two or more numbers^ 
the lefTer is fubtraded from the greater, the remainder is called the dit^ 
ference ; and when feveral differences are equal, thofe numbers are faid 
to be in an arithmetical proportion to one another. As if we compare 
2 to 4, and 4 to 6, and 6 to 8 > the difference between z and 4 is 2, 
equal to the difierence between 4 and 6, and to that of 6 and 8 ; there- 
fore, 2, 4, 6, 8, or 8, 6, 4, 2, or 2, 5, 8, 1 1, 14, or 14, 1 1, 8, 5, 2, are 
all ranks of numbers in arithmetical proportion, or in arithmetical pro- 
greflion continued. 2, 5, 7, 10, are alfo proportionals, for the difference 
between 5 and 2 is the fame as between 10 and 7, but then, becaufe it 
is not the fame with the difference betwixt 7 and 5^ thefe four numbers 
are faid to be in a difcontinued, as the former ranks are faid to be in a 
continued arithmetical proportion. Hence the following inferences* 

1. If three quantities are in arithmetical proportion continued, the fum 
of the extremes is equal to the double ot the mean, as in this, 8, 10, 
12, where 20, the fum of the extremes 8 and 12^ is equal to double of 
th<^ mean lo. 

2, If four quantities are fo, the fum of the extremes is equal to the fum 
of the means. 

^3» S^7> 9> ^^^^^ 3 + 9«i2and5 + 7 = i2* 

3* If never fo many quantities are fo proportional, the fum of the ex- 
tremes is always equal to the double of the middle term, if the number 
of the terms be odd, or to the fum of any two terms equally difbnt 
from the extremes, as in the following feries. 

2, 49.6, 8, 10, 12, 14. 
2 -}- 14 = 8 X 2 = 16. 
or 4 + 12 = 8 X 2 = 16, &c. 

And this mufl always hold good, becaufe the lafl term comprehends 

the 



Digitized by 



Google 



Sect. II. PROPORTION. 13 

the firft, together with the common difFerence fuperadded, as often as 
the number of its place is diftant from the firft term : But the firft term 
has no addition of the difiference at all ; and as the fecond term has one 
difference or ratio more than the firft ; the third one more than the fe- 
cond;p &c. fo the laft but one has one lefs than the laft of all ; the laft 
but two one lefs than the laft but one,'&c. whence the fum of any two 
of thefe equally diftant from the extremes muft be equal to the fum of 
the extremes, becaufe one increafes as much as the other decreafes. 

Therefore, the fum of any number of terms in fuch a progreffion may 
be had, by multiplying the fum of the extremes by half the number 
of the terms. 

To find the fuin of never fo many quantities in this progreffion, it is 
only necefi^ that the extremes and the number of terms be given : fo 
that if by having the firft term and the common excefs you would find 
the laft, it might be done with great difpatch, by multiplying the num- 
ber of terms, leflened bv unity, into the common excefs, and then ad« 
ding the firft term to tne prddui^. 

Thus, if the laft term of a progreffion of 73 places were required, and 
the common difiference were 4, and the firft term 1 1 you need only mul- 
tiply 72 by 4, and to the product: 288 add 3, and you have 291 for the 
laft term in the progreffion. 

So that if the progreffion begins with a cypher, which is the moft 
natural and fimple of all, then the fum of all the terms will be equal to 
the fum of the extremes multiplied by half the number of the terms^ 
Thus fuppofe 

o, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39. 

The laft term 30, multiplied by 14, the whole number of terms^ 
gives 546; the hau of which 273, is the fum of all the terms. 

From whence it will follow, tnat the fum of all the terms in any fuch 
progreffion beginning firom o, is half the fum of fo many terms, all 
qua! to the greateft. 



c* 



SECT. IL 

0/ Geometrical Proportion* 

#" ^ Eometrical proportion is when in comparing two or more numbers, 
\^T one is divided by the other, the quotient is called the ratio ; and 
when feveral ratio's are equal, the numbers are iaid to be in a geometrical 

Cz pro* 
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proportion ; thus, 2 : 6 : : 5 : 15 are proportionals; for 6 divided by 2 is 3, 
and 1 5 divided by 5 is 3, and fo the ratio's are equal. When two numbers 
are compared, the former is called the antecedent, and the latter the con- 
fequent ; but when more than two are compared, they arc called teriias, of 
which the firfl: and laft are called extremes, apdallthe intermediate ones, 
means. In order to know whether numbers be proportionals, it is only find- 
ing the ratio of each pair, and here it will be.indiffercntwhetherthe ante- 
cedents or confequents of every pair be made divifors,as m the preceding 
numbers 2:61:5:15, if 2 tlie antecedent be divided by ^6,' the cctofe- 
quent, the quotient is 4, and if 5 be divided by q 5, -the quotient is 4> fo 
the ratio's are equal, as before when the antecedents were made divifore. 
When in a rank of numbers they increafe in a geontletrical proportion, the 
ratio will be a common multiplier,. and is found by dividing any one of the 
confequent terms by its antecedent, for fo the qugtient will be the ratio. 

As y ^' 9' ^7^ ^^' ^^3' ^^* thrt the common multiplier is 3. 
I 2, 4, 8, 16, 32, &c. Here the common^ multiplier is 2. 

It Is plain that if either of thefe antecedent terms be nMiUiplied by the 
ratio, the produft will be its confequent. ''.*•' 

When a in rank of numbers theydecreafe in a geometridal proportion, 
the ratio will be a common divifor, and i§ found by dividing any <Hie of 
the antecedent terms by its confequent. 

As y ^"^3' ^^' ^?' 9' ^' ^^' ^^^^ ^^^ common divifor is 3. * 
1 32, 16, 8, 4, 2, &c. Here the common divifor is 2. 

In like manner, if either of thefe terms is divided by the ratio, the 
quotient will be the next term in the progreffion. 

If in comparing feveral numbers together, we find the, ratio of the firft 
and fecond, to be the fame vvith .the ratjd of .the fecond and. third, third 
and fourth, fourth and fifth, and Jo* 61? ; • thofe liuinbexs are , in V. geome- 
trical proportion continued, •-*,•. : : - . 

If in comparing four numbers together, we find the ratio of thefiiA . 
and fecond, to be the fame as the ratio of the third and fourth, but that 
the ratio of the fecond. and thir4 is not the fame; thofe numbers are 
called difcontinucd proportionals, as 2 '.4:: 6:11, for the progreflion 
flops here at 4. ^ ^ 

The manner of exprefling continued propoftiohalS-is by feparating the. 
terms by two points, as 2 : 4 : 8 : i6 : 32, &c..but in difeontinu€4'l«>- 
portionals the terms where the progreflK>n flops are feparated .by-four 

points, as : • ' » . r; . .. 

5 : 10 : : 6 : 12 : : 7 : 14, 01*14 : 7 : :*12 : 6 ::' 10 : 5. 
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If three numbers are in a geometrical proportion, the product of the 
extremes will be equal, to the prod uift of the middle term multiplied in- 
to itfclf, <>r jvhich is the. fame thing, tprthe.fquare of the middle term. 

As in thtefe numbeps 2, ^6, ;«*/. - ' . ;i 

2 X i8 = 6 X 6 = 36. • 

PROPOSITION II. 

If four numbers are. in gconietrical proportion, (whether continued or 
difcontinucd) the prodttQ: of the extfemes'wiU be cqi|al~to, the produdt 
pf.the-amean^. , , ..., r. , . - • 

XrCt the numbers be 5 : 10 : : 6 : it . 

5 X 12 ;= ip X.6 = 6*6' 
' or 5 : 10 : 20 : 40 * 
' .* 5 x'40 i= io X 20'= 200 

Fiioia tbfefe two propoiuions (ihe following iaierences may be drawn, vxz. 

iy?9 If the pfodudi; of any. two numbers is equal to the fquare of a 
third, thofe three numbers are in geometrical proportion continued. 

. 2(t4 If the.produA.Qf cftnyjtwo. numbers is equal to the produd of any 
. jQthisr twoy tbafe four luindier&are . proport|<^ls, and the numbers multi*- 
plied into each other will be either 2 means, or. aoctrepies^ as. in th,e 
feUowing jeicaiBpks, vizM . ' 

2 X i€==4x 8 ss 32 
. . l^' 4 :: 8 :.2 

' '^ 4- i^ :> g"'8, Se el ' - * 

• *^" •' Xit 8x r2l=i€ :k 16=96-^- *. ^ i *. . - 

8 : 6 : : 16 : 12 • •' - i 

• 6i 12 iicfe: i6, &c; 

._ .. . .....PRO B .L E M J- 

Tor fiitd a mean proportional between iny two given numbers. 

Natey By aiaean proportiooaL we'are to underhand fuch a number as 
if multtptied by itfelf, tno pfodud will be equal to the produd of the 
'«wo given numbers. 

Rule, Multiply 'the.givcn numbers by one. pother, and extraft the 
(qiiare root of the produdt, that root will be the mean required. 
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Example, Let the given numbers be j and 27. 

3 X 27 = 81 the fquare root of which is 9 the mean required. 

P R O B L E M II. 

To find a fourth proportional to the three given numbers^ fo that the 
ratio of the third and fourth may be equal to the ratio of the firft and 
fecond. 

Ru/e^ Multiply the fecond number by the third, and divide the pro* 
duOi by the firft, the quotient will be me fourth number required^ 

Example J Let the given numbers be 2 : 6 : : 7. 

6x7=: 42> and 42 -r 2 =s 21, the fourth number required. 

The reafon of both Idiefe rules is evident from the two foregoing^ pro^ 
portions, for where there are three numbers given to find a fourm, though 
the fourth is not known> we know that the produfb of it when multi-* 
plied by the firft will be equal to the product of the fecond and third 
numbers^ (per prop. II J therefore,^ if that product is divided by the firft 
term, the quotient will be the fourth number required. This is the 
foundation of the rule of three^ which we fuppofe the reader acquainted 
with already. 

In finding a fourth proportional where three numbers are given, the 
two firft give the ration and the qjueftion as to the fourth proportional 
concerns the third number. 

Diredt proportion is, when the greater the term is by which the qoefl. 
tion is maae, the fourth term will be alfo the greater j and the lefifer that 
term is, the fourth will alfo be the leiler. 

Reciprocal^ or inverfe proportion is, when the s'eater the term is hj 
which the queftion is made, the fourth will be iefler^ and the lelier that 
term is, the greater the fourths 

Continud proportion, thus expreiled, -ft»» is^ when aQ the terms be- 
tween the firft and the laft are both antecedents and confe^ientfr in the 
lame proportion. 

Example, 8, 12, 18, 27,' are 45-5 for 8 : 12 : : 12 : 18 : : 18 : 27. 

Wherefore in fuch feries, die laft term fubtradled firom the fum of all 
the terms will give the fum of all the antecedents^ and the firft term fub- 
traded from tli^ faid fum will give the fum of all the confequents,. 

If four quantities be proportional^ they will alfo be fo alternately^ 10- 
verfely, in compofition, in divifioii^ converfely, and mixtly. 

fee- 
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Exampid A: B:: C:D 



^7 



I, direaiy A : B 
a, alternately A ; C 
3, inverfely B : C 



C : D in numbers 1 2 t 9 : : 8 : 6 
B : D. I2:8;:9;6 

D : A. 9 : 8 :: 6: iz 



4, in compo-f A + B : B : : C-f-D : D. 21 : 9 : : 14:6 

fition Ia+C : C : : B + D : D. 2o:8;:i5;6 

5, indivi-C A — B : B : : C— D : D. 3:9:: 2:6 

fion 1 A~C : C : : B— D : D, 4:8:: 3:6 
fA : A + B :: C : C + D. C 12:21:: 8: 14 

6, convcrfc- J — — 1 12 : 3 : : 8 : 2 

ly ]A : A + C : : B : B + D. C i2:2o::9:i5 
^ — — 1 1 2 : 4 : : 9 :-3 

7, mixt-JA-j-B:A— B::C + D:C— D. 21 : 3::i4:2 

ly 1a4-C:A-C::B4-D;B— D. 2o:4::i5:3 

All thcfc arc evidently proportionals, the produft of the extremes be- 
ing equal to that of the means, excepting the inverted, wherein the pro- 
dud of the firft and fecond term is equal to that of the third and fourth^ 
nhich is a property peculiar to that kind of proportion, 

PROPOSITION III. 

If the product of any two numbers is divided by a third, the quotient 
will be a fourth proportional^ the divifor will be the firft, and the num- 
bers multiplied into each other the fecond and third terms in the pro- 
grefiion. 

Example^ Let the given numbers be 5 and 8, and their produd be di- 
vided by io» a third number: 

5 X 8 =: 40 -r 10 = 4* 

Therefore, 10 : 5 : : 8 : 4 (by in&rence 2d) for the produiSt of the 
means is equal to rae produd: of the extremes. 

PROPOSITION IV. 

When two numbers are multiplied into one another, they may be 
made mean proportionals to other two numbers, of which i muft be 
the firft, and the prbdud: of the two numbers will be the laft or fourtli 
term. 

Example^ Let the given numbers be 6 and 8. 

It will be I : 6 : : 8 : 48 = 6 x 8 = I X 48. Hence in multiplication. 

As 
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iS PROPORTION. Chap. IL 

As I is- to the multiplier, fo is the multiplicand to the produfl:; and 
in divifion, as the"divifor is to i, fo is the dividend, to the quotient, , 

PROPOSITION. V. 

If any two numbers be multiplied, of divided by any fame third num- 
ber, the produds or quotients v^ill be proportional to the numbers fo mul- 
tiplied of divided. Let the numbers be- 2 and 4^, each to* bfe multiplied 
by 3 ; then 3 x 2 = 6, and 3 x 4 = 12, and 2 : 4- • 6 • 12 ; w if 18 and 
1 5 be divided each by 3, the quotients v^ill be 6. and 5, a«d 1 8 : 15 : : 6 : 5, 

The powers or roots of proportionals will likewife be proportioriabi 

2 : 4 : ; 3 : 6 root 
/ 4: 16 : : 9 : g6 .fi^uarQ . '. 

8:64:: 27:216' cube ' 

Hkberto we have confidered the dodlrinc of proportion, only with re- 
fpedl to numbers; but as any quantity may be reprefaited by numbers, . 
all that has been faid with regard to tliem may likewife be applied to any 
thing that can be augmented or diminiflied« Aline of 2 feet Ipng has 
the fame proportion to a lihe of 6 feet long that the nutnber 2 has to 
6, but the method of finding the proportions of linesi &c. to one ano- 
ther requires the knowledge of tl>e principles of .geometry* r which ^fh»ll 
be the fubjedt of the next chaptcn : . ., . . • , 
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CHAP. IIL SECT, 1.. 

Of GEOMETRY. 

AS in arithmetick we treat of numbers by comparing them 
to one another, without confidering their relation to anf * 
particular quantity^ fo in geometry we fiiew how to compare 
quantities to one another^ and find their proportions without 'a-< 
rithmetical calculation). 

Geometry may therefore be fitly called, The fcience of ex^ 
tcnfioA abfbuwtedly confidered> without any regard to matter^ 

Geometrical Definitions^ 

Def. I. Quantity is any thing that can be augmented ordlniH 
niftied, and may comprehend extenfion, weight, motion, &c. 
for one may be taken as greater or lefler, heavier, or lighter, 
fwifter, or flower, in relation to another, of things of the 
fame kind; but there can be no comparifon between quantities 
of different kinds ; as hours and miles ; for an hour is neither 
greater nor lefs, heavier nor lighter, &c, than a mile. 

Def. 2. All things that are capable of extenfion are to be con- ' 
fidered either as lines, furfaces, or folids* 

Def. 3. A line is a quantity of one dimenfion, where the 
length only is confidered. 

Def. 4, A furface is a quantity confidered under two dimcn-^ 
fions, wz- length and breadth. 

Def. 5». A folid is that which has three dimenfions, viz. length, 
l^rearftb, and thicknefs, thefe two kit are fometimes called height 
and depth. 

' Dff. 6, A point, in the mathematical fenfe, and in refpeft of 
continual quantity, is that wherein neither of the foregoing di- 
menfions are confidered. It therefore confifis of no parts ; for 
then it would be a folid, furface, or line. It is analogous to an 
inftant in time, which partakes neither of the pafi: or the future. 
The centers of circles, he. in diagrams are not mathematical; 
points, but fenfible objefts whereby the underfianding, confider* 
uig them abfbadtedly^ is ^ifiifted in mathematical fpecuhtions. 

P Def 
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2Q GEOMETRr. Chap. III. 

Plate Def. y. Parallel lines are fuch as are every where equally dif- 
1- tant from one another, as A B, and CD; for if the lines A C, 

F^S- ^' and B D, are c<S[ual, and aije the (hgrt^ tha| cjtp be' drawn from 
the points A and B, to the line C D, the right lines A B, and 
C D, if infinitely produced, would be always equidiftant, and con- 
fequently would never meet'; but if B J3 Vere'fhorter or longer 
than A C, the lines if produced would meet. 

Fig. 2. -D^ 8. An angle is the inclination of two -lines thait meet in a 
point, fo as not to conflitute one ilrait line, and this will be 
the cafe of all flrait lines that are not parallel, . as the lines A B, 
and CD, if they are produced V they will meet in the point O, 
which is called the angular point ; the lines that fc»m the angle . 
are called the legs of the angle. . ': 

The quantity of any angle is- not determined by the length of 
the legs that form it, but by the diflance of any two points, 
one of them in one leg, and the other in the othtr, both equal- 
ly-remote from the ap^ar point; now. the grater this diftance 
is, the greater will be.tnp angle, and if there ar? two ahgles, as^ 
A O C, and a o Cy and if O B!„ O D, oiy b W,, are all equal to^ 
one another, then the an 3 C wiU be greater than the angle 

a o^Cy becaufe the line (horter than the lin? BD, and 

when thefe diftances ar< l. ^^ angles will be equal. ' 

All flrait linqs are i id by a rule, ftiff^ or fcale of c-' 

qual parts, as inches, f< rds, 6cc. but angles are me^fured- 

by arches of circles. . * . 

Fig. 3. -^C^ 9* Angles that are formed by any line drawn from any' 
point obliquely to another line, are called oblique; angles ; and. 
thofe angles that are formed by drawing a line from any point 
diredly Oie'fHorteft way till it meets any right line^ arc ^callcd^ 
right angles. . • . ! 

Fig- 4- Def. 10. A perpendicular line is the fhorteft that (:ari he dwwn 
from a given point to any given line, that is, when the right Ijne 
A C, Handing; upon the right one ,B Dj le^s ^untg r^thet ^part,' 
and ipakes the angles AC D, A C B . on Ijoth fidei equal • thofe 
angles are called right .ones, ,and the .line AC. is perpendicular 

to DB. " V \ ' 1' •' !"'''i ; ^" , '*: / .* 

Hence it is evident, ^that if in the line D B any two points, 
Sy /, bft takep equalJy'diApt,^oi;i:C,\and any pointy ^* in the 
line AC, be equally diilant fr6mrtljtefe;twp/p6;nj;p, J^j t^ then \viU 
the line, A C be perfiendicuTar tc^P^^.,.' .'j , . L.../ j/, "* 

a'' '' '^ ' 
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6ect. L G EO M ET RT. 21 

Def. II. Affiicele is b plain furface contained within one continued Plate 
curve linq, caUed thp jpcriphery, or circumference ^ and is drawn I- 
bx fixing the^poinf of one leg of a pair of compafles in any af- ^^S* 5* 
fignable part of a {iirfacc, arid carrying the point of the o- 
t^er leg round till it arrives again aj: the place from whence it 
begaato move: The fixed point is called the center, and is e- 
quaily di/iant .fi'om all . points in the circumference defcribed by 
the other leg. 

Def. 12. The radius or feml-diameter is a ftrait line drawn 
fi-omthe center to any part of the circumference, of which there 
may be ^an infinite number all equal to one another. 

-Dc^ 13- The diameter is a line drawn through the center till 
it meets the circunaference both ways, and is therefore always 
double the radius j there may be an infinite number of diameters 
all equaly they all interfed: one another in one point, which 
is the center*; fo that when the interfedibn of any. two 
diameters ; k founds tho center of the circle is like wife founds 
The diameter is the longoft ilrait. line that can be drawn with- 
in the circle* . . ' 

Def. 14. A chord Is « a ftrait line lets than a diameter,^ 
drawn within the ^ircle firom any one point to another, both ia 
the circuQaference^ ^nd cuts the circle into two unequal parts^. 
called fegments* : 

Def. 15. -An arch is any. part M the circumference; 
. If a circle be cut by a. diameter, the iegments are equal,, 
and are called femicircles; and if a ;radius be drawn perpendicular 
toa diameter, k will divide the femicircle into two equal psirts,^ 
called quadrants, each containing one quarter, part of the whole 
circle. The ipace contained .betv#eeli. two r^dii and aii 
arch, is ^r^Ued a feAor* ,/ / 

What an arch wants of a .femicirple. i6 callec} the fupplement 
of that arch, and what it wants of a quadrant is called the com« 
plement thereof. 

Def 16. When an arch is the 3619th part pf the circumference 
it is called a degree ;• tlie 60th part of a degree is called a mi- 
nutci the 6oth part of a mintlte is called a.i^conds ?nd the 6oth> 
part of a fecond ia^called a third,. Uq^ 

It is by thefe degrees and minutes that all angles or arches are 
meafured, in or4?r to which \t mufl: be ^obf^vpd^' that the cir* 
cumfetence of every cirtlc^ whether great or Imall,- is fiippof^di 

Da tO) 
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Platb to be divided into ^60 degrees ; but the length of the degrees 
I. of a fmall circle will always be lefs than the degrees of a large 

I^5g. 55' one in propcfrtii^tfiat the radius of the one is lefs than the I'a- 
dius of the other. '^ 

To'illuftrate this, draw four femicircles from the center C; divide 
the outer one into i So equal parts j now it is very plain that if 
flrait lines are drawn from each of thefe divilions to meet aH 
at the center,. they will pafs through all the inner femicircles^ and 
fo divide them into the fame number of degrees. 

A circle may be concerved to be formed by the motion of a 
ftrait line, for if one end be faftened at the center, the other 
end carried round till it returns to the fame point where the mo^ 
tion began will defcribe the circumference ; and if feveral points 
are taken in the line, as at a^ 3, d^f^ they will each defcritws cir- 
cumferences of circles, and C tf , C ^, C d, Cf, wiH be the fc- 
veral femidiameters : this line is reprefented by a thread faftened 
at the center ; draw the diameter A C B, this thread by its mo- 
tion from the point A to the point 180 will form all the va- 
rious angles that can be made, by two ftrait lines, and will al- 
ways make two angles with the dianicter i from this defcription 
the following inferences may be deduced, viz. 

Inf. I. The greatefl angle that can be made by two right lines 
will be lefs than 180 degrees, for if the thread be drawn through 
tlic point A, it will then lie upon the diameter A B, and make 
no angle with It^ but if carried to 20, the angle from A will be 
20 degrees, and the angle from fi will be fo much lefs tlian i8cr 
degrees, %i%^ 180 — 20 = 160 ; and as it is carried through the 
points 30, 40, 50, 60, 70, 80, the angle from A increafes, and 
that from B decreafes 5 when it comes to 90, both angles will 
be equal to 90 degrees, and in this pofition the thread will be 
perpendicular to the diameter ; after it pafles 90, the angle from 
A will ftill be increafing, and the other decreafirtg till the thread 
comes to the point B, where it again falls ii> with the diameter,, 
and makes no angle ; and as the arch from A to B is a femicirde, 
and contains 180 degrees, it is impoffible to make an angle of 
180 degrees by two ftrait lines. 

hif. 2. A right angle contains 90 degrees, and the twa lines 
that form it are perpendicular "to each other ; if thcfe lines arc 
produced they will make d^ angles, each ^q degrees, 

^ •' •• Jnf.i, 



Digitized by 



Google 



Sect. I. G E M E f R T. z^ 

Jn/.^.Ifa right line ftands upon another right line, 'and Plate 
makes two angles with it, thofe two angles will be equal' to two J- 
right ones, oriSo degrees : For if the line is fc cf ^n dicolar, they ^- 55* 
will be equals by the preceding; if the line B oblique, as from 
• any point in the circumference to the center, except the point. 
90, fuppofe from* 40 ; then from A to 40 is tlie meafure of one 
angle, and from B to 40 is the meafure of the other angle, but - 
the fum of thefe two is 180 ; the angle from A to 40 is as much 
lefs as that from B is more than 90 degrees ; the iiift is called an 
acute^ and the laft an obtufe angle. 

Inf. 4* If one of the two angles formed by the meet- 
ing of tw6 lines is khown, the other may be iound by fabtradt- 
ing the known angle from 180 ktegrees^ th'6 remainder being 
the. other anglfe. • • . 

Inf. 5. If feveral right lines are drawn fo as to meet in one 
point in another right line, the fum of all the angles will be 1 80 
degree^^ and the /um of all the angles that can be n^de round 
ia point will be 36b degrees: ' 

Ifif. 6. If thereare ftveral equal- chords in the fame .circle,' the 
arches fubtended bjr thele chords will be equal. 

Def. 17. A triangle is a fpace contained within three lines, Fig. 6. 
which by their meeting form three angles : When the three lines 7- 8t 
are ftrait, it U called a redtilineal triangle 5 when they arc 
arches of die fame circle, it is called a fpherical triangle ; whea 
the three fides ^rc equal, the triangle is called equilateral ; when 
only two are equal, it is called ifofceles ; and when all the three 
fides are unequal^ it is called fcalene. 

Def. 18. Quadrilateral, or four fided figures are fuch as are 
limited by four lines forming four angles. Such as are reftilineal 
are either parallelograms or trapezia. 

Def 19. A parallelogram is a figure whofc oppofite fides arc 
equal and parallel, of which there are four kinds, viz. a fqnare, 
a redangie,* a rhombus, and rhomboidcs. 

Def* 20. A fquare is a figure limited by fom- equal fides^^ all Fig. ^ 
perpendicular one to another, as A B CD; that, is, a quadrilateral 
figure, whofe fides and angles are all equal, is called a geome* 
trical fquare^ ... ^, 

Def: 21. A rhombus is a figure that hath "rour equal fides, but Fig. ia» 
no right angle, the oppofite angles being equal, n?/«. EX3 HssEFH^ 
and-GEF£±=CttF, but all obKque, • ^ \ -'' • ' . - 

Def. aai 
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^4 ^GEOMETRr. Chap.III. 

pLAxr * Def. 22. A TC(3;aDgle, or a right angled parallelogram, hath four 

I^ right angles, jand, /its oppofite fides equal and parallel, n;i;$. 

Fig. r 1. 1 M = K Ji^rMf^A K = M L ; this figure- is often called an oU- 

long, or long {qu<fre. 
Fig. 12. ^(f* ^3- A rhomboides is an oblique-angled parallelogram, 

and the fides that forqi the angles are unequal, . 
Fig. 13.- -^</* ^4' Every quadrilateral figure; thai ha? neither' oppoQte 
fides, nor oppc^te angles equal, is called a trapeziun). 

A right line drawn fi-om any angle (as D) in a four fided fi- 
gure to its oppofite angle (B), is called a diagonal, and di- 
.vides the figure into two triangles ( A B D and B CD). 

Def. 25; A polygon is a figure that hath more than four fides, 
^md may be eitner regiilar or irregular, / 

pig. 14. Def. 26. A regular polygon has all its fides and angles equals 
and may be infcribed in a circle, and sdl the angular points (a^ 
^9 ^y ^y ^yf) will touch the circumferencie. 

Regular polygons derive their nanies firom. the. number of their 
fides or angles at the center of the circle they are infcribed Ift^ 
thus a' polygon of '5 fides is- called a pentagon, b;f 6 fides a hex- 
agon, of 7 fides a heptagon, of 8 fides an o^:agon, &qt 
Fig. 15. -Ps^ 27. An irregular polygon has many unequal fides, ftand- 
. . ing at unequal angles,. asABCDEFG. 

All inregular polygons may be rediiqed to regjilar: fij^es, by 
drawing diagonal' lines in tljiep; thus the pplygon A B C D £ ¥Gy 
the diagonak. G Bi B F,,FC, an^ C E being drawn, will be 
reduced to five triangles, viz. A B G, 6 fe F, B F C, I^ C E, an4 
CDE, ' . 
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GEOMETRICAL J^ROPOSITIONS, :\ 

,; :. ... ;f.; ;..-.:•. .: . . •.... -\ ^ ;; ^ 

'!. , :\ ^K pi? O SI T I ON L ; Pi^qblem: t' HM • 

Kg, i£. ;A T a, given point. in a .right line, (as o)^, to make an angle 

Open your compaffes to any convenient diftanc^ add firoin B 
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as a cdnter»/ (^ibrlb& an arph^ asi/; with the iam^ extent de*. Ft Ate «. 
fdribe thelardk /gs from thh center Oi then, take the chocd j / in/ L •' 
youri compafle^ and fet it off from f to k in the arch /^, and 
draw the line k^ aqd- (b the angles ABC, and k afy will be 
equal! *; ; ' .'!«•. ./i: ^'.^ ' .*. ;•: . J t: !,.;/> ' -' 

Hence kh anfileiof linylnamber df degrees may be made; ibc ' 
if with the raduls of jaAy diwded cirde W^ defcribe ah: arch (as . 1 /I 
/ m)\ from thd:point C\ as center, . in ai.right line,, aa C B, and . 
then ta||Le the quantity of . the given angle j(fuppofe .20 degrees) 
from the divided circupiference of that circle by wliofe radius the . 
aidi was d^fcribedv^. anil fit that offnupon the arch. frxM 2. to m^j 
and draw the line C my. m C I wilL;bc the angl& re^^ui^d'y this i 
in'ed^^is niakiri^ 6'ne am^e:.equai to another! .giveilone^ for 
any angle may, be fo^diri the divided.circle by drawing two fe« ' 
midiameters jto^itwo ppinti of divifion, including the .meaiure 
thereof in.tfaeickcwmffrence^ \ . * 1^ ' 

If the angle is already made, ddbribe. ah. arch. a& l^foce .to • 
meet both fides of the angle, the extent of this arch meafured 
upon the divided circumference will give, the quantity of the 
angle. 

PROP O S I T I O N II. Theorem. 

If twpn^t lineal intetfc<% or cut one another, the oppofitepig, i^; 
angles will be equal $ the contiguous angles, as i^and r, taken toge- 
ther will make 180 degrees (by Inf. 3, Def. 16), but if inftead of 
c we tak^e d^ the fum of the angles a and d wiU ^kewife be i8a * 
degcees, therefore c and d muft be equal} for the fame reafbn^ as . 
the angles r or d^ iulded to theiapgles.a or ^, i)7iU make iSo.de^ . 
grees, it will appear that thofe oppofite jangles afe Jikewiie ccfvd. ; 
i Toilliiftrate tW by numbers, let the angle a he 30 degrees, ' 
this fubtradted from 180 will leave 150, for the angle c^ and the 
an^e d will likewiie by the fame' oaethod.be found 150, thea 
J50 fubtcaifted from iSo will leave jfo for the angle K 

t^pYq SIT JpN m ' 

' If a right line & H interfeas ewp p^lels, A B and CD, the p'g^ ^f. 
oppofifle angles G E B^ C F H, will be eq«aL 

' To prove this^ as the Imcsf A B, and C D, ase parallel by con* 
fimaioni' they-may he confideued as one btoad line^ eroded by] 

/j o,. .' the 
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Plate the line G H, tlien the Angks G E B, and CFH, will be c- 
I* qual hy.xhe preceding, and if the angles are equal, the lines will 
be parallel ; for fuppofing A B not parallel to C I>» let the line 
L M be drawn, and fuppofed parallel to C D» then will the angle 
G E M be equal to CFH; but this was fuppofed equal to 
O E B, therefore G E M= G E B, which is impoffiblc. 

Fig. 19. Inf, 7. If a right line, G H, cuts feveral parallels, A B, CD, 
£ F, IK, it will make all the inward angles on the fame ilde 
of the line equal, that is, the angles i, 2, 31 will all be equal to 
the angle G RB, and therefore will be equal to one another; 
this will likewife hold true with regard to the angles 4, 5, 6, for 
they, will all be equal to the angle A R G. 

pig. 18. Inf,,2*' The alternate oppofite angles will likewife be equal, 
that is, the angle A£ H will be equal to D F G, which may 
be thus proved, G£ B is, equal to C FH, by this propofition; 
it is alfo equal to A E H, by prop. IL therefore A E H. is equal 
taCFH, andCFHeqiialto DPG. 

PROPOSITION IV. Theorem. 

Fig. 20. If the diameter or radius of a circle cuts any chord into two 
equal parts, it will be perpendicular thereto, and a perpendicular 
cutting a chord into two equal parts will pais through tfie 
center; ' 

Let A be the middle of the chord A B, through which draw 
the radius C D, draw alfo the dotted lihes C A and C B, thofe 
lines {hy Def. 12.) will be equal, the points A and B are equal- 
ly remote from i by/fuppofitibn, and therefore the line C i id 
perpendicular to AB (by Def. iq.) ^ 

Let ^ be the middle of the chord, and C 6 perpendicular te 
it ; L Ciy it muft pafs through the center, for fuppofe it paifes 
througlj tlie point yj then the lines/ A, and/ B, would not be 
equal, therefore the line /B would not be perpendicular to AB^ 
which is contrary to the fuppolition. 

I/if. I. Tlic perpendicular 4hat diMides- tjie qhord into two c- 
qual parts, alfo divides the arch into two eqpki parts, for the 
line P^ bcang fuppofed perpendicular to A B, the chords D A 
and D B will be equal, and therefore the arch» will be equaU 

Inf. i. If twp chords:arc biffeiSted by two perppndicujars^ thofe 
peifpehdiculars will inter&d one ianolEhtc in thfe center of the circle^ 

PROP^ 
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Plate 
If a right line A D be drawn to Couch the ciixnimlerence in . i . 

the point B, and from that point the chord B F be drawn ; the Fig.. 21. 

angle A B F« made by the chord and tangent A D, u 

inearuredl>]r half ^he arch FEB, of ^lich B F is the diord. 

Te demonftrate this, draw the radius CB pcrpeiidicular *» 
the chord B F ; this will biiTe^ the chord and arch (by die pre<^ 
ceding) ; fo B E is half the areh FEB, and is the oWure at 
the angle B.C E ; ^1 that remains to' be proved thea is, that the 
angles AB F and B C E are equal. 

Draw the radius C B to the point B,- -which will be peflpea- 
dicular to the, line A E), 'becaiife the radms is- die ihMteA \iwi 
that can be drawn' from die center to the circumference ; there- 
fore the. angle AB F, together widi the .'angk F B C, will be 90 
decrees :. Drawth^ diatQCter L O pafaH^tothe chord F B^ which 
will be perpendicular tb EC,^ thbrefore^^keiECB^iia^ 
B CL^ tak^h together, wfllkl^^iaki 90; dMr^me aiiglesBCli 
and F ^ C are equal, 'being itlternate to ^ ^pfindleh 3 F -and 
O L ; aiid Jf eaph be fubtr»3Sed fcbm 9adegfi8es,'thfc <«mainderi 
ECB and AB F win be equal. 

. To.illuftrate thi& by numbers, let -difr ai>eh • F ft B< be €0 <de). 
frees J ;t;hen die archE'B ^fll.be 40 degrees v^the aJngfeigtlthe 
centei- (r) • and b^ufc 1^ angle B C D W ^ degreecythe'ttngle 
a muft be 50 de^^ees ; again, die linei F B and O L being pa^ 
rallels, and the Ime ClB croffittgdiem,-the-ang^ -adtd'J ate 
alternate; the angle d.muA therefore be 50 d^Ptes-ofi^; ihnW*;* 
j^e angle AB C is po.-degreeS; \ht iatif^t^ ABF nMift be 40,. . « 
which is hiaif the arch ^ B B. .'• ^ ; - > 

In like manner the angle '1^ B D will b^ nUeafiired' by half 
the. arch F.G.HLB; fbc the line FB makes two. ^n^es 
with the line A D, therefore (^if^, i. ■t>ef. it.) the angle 
TBI^ wiltbe 140 degree, \^uch is half thof ai«)h FQ^H LB, 
tor the arch F£ B is 80 degrees by fu^p<i(kfo!n,(^]ucii<j^ 
cd firdni 360, the whole htifaiber-of ifeg^ei^ lil'iclrcl^ dMra.fi>- 
mdns 280 for the arch FO H LB, th6 hatf of whidi is 140. 

This propolition ought to* be well attended to, fdr the folbw- 
iog propofiaOns<«i^'be (plearly demenihs^ '' <i" 
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PR.OiPr vr./ Thiorem. 

Playe --^ angle at tho circum^rence of a circle is meafured by half 
I, ^ ^h oppofite.arch i that i$, the angle B A-C. is meafuced by half 

Fig. 22. the ar^hB DiC. 

Todemonftrafe this, draw, the line G F to touch the circle at 
dsepointiA, then the., three angles GAB,- B AC, CA^, taken 
together will make i8o degrees/^ Inf. 5. Def. 16.^ ; the three 
Knes B A, A C, C Bt diyide the whole circamference .into three 
acjjies, B£A, AIC, CDBj therefore the halves of thofe 
arches added together will make iQo.degrees ^ [bpt B A G^is me^- 
fitred: i^ hilf the.&rch B^^ ^ andthq angle) FA C is* ineafured 
by halt the- arch. A I,C;!(by the, preced.j a/id, "what remains" to 
compleat the 180 degrees is half of the arch CD'S, which inu/l 
therefore be the meafurp of the angle B A Cv 
fb:^ fj. The thf§*!MaBis«'i«faany. feiailmeiijl, tf*anjgl(^ {added, to- 
^ei^^ t5^UiflM^. j^-;d5!gnE^}'for -^ij^MficriBed in a c|rclei the 
fidfisLSff4ll''b6 •.<rhorj^> ;aa4 3¥?il .cn?!;?^? wnpfc circaifjifer^nce into 
three'>iiS(ShQi>!<^rrh§lMeS)o|j.whid;i arches ore tHe meaHires, dlf 
tbdir.:opf>ci^im,gtes.s.^^gng)e At A iso^pafured by half .the arch 
B D C, the angle at B by half the aroh A ,| C» and the angle 

j.fj/jjT^ iTbfijafigl«:^;thf9 c^ni^ JR^^cghlp^^hfi: angle, at •*? C""- 

jlgmfojto^ei^ily^wflW j»ppn,,'tlWj 4>Be^arch ;• jhe.apjgje at th^ 

-C8pteo;CXi4jneafufi?4.bjr the wJ^le.artjhB E A, and is therefore 

dQulil^.tbevaai^.i^t'the cin^nnoLferencf'jaft C, which is meafuced 

*y^'lwlf:thedr«w,-ftrsli>? :.: yi '■'.,' : r-.^,'.,. / ■\.,'\ -^ .'. ,' ,.' ; . 

F^.2j. ^fi5?/32i; If.feF«r^.^gips SK^ naadc .at j^fl^rent. feiijts of .th j 

circumference, and all nand upon the famp arai,'.p«y :Will all 

ybckq}i&\k:"»M-^i^ Vpk 4? K fcmiwcte^.tjjey wUt.all -be ^right 

ai6gfcg.c..-i ;--.;..iri ilL -^'.dl ...:";'//. f'/-*, .•• ". 

.' l-he angles :a^ the .pqiate -j; /> 02 axe all equal,, becaufe they 

^d[ ii^)lt tk^rfyfAf giiffi/^BB D.,^j„an4, ^he"^le$ ^at, the 

-pm»i ^,4)i^*^,,«ffi:^,^a(jegflegs^ bec^4«^ ^©X # ^W^ ^P^ ^^^ 
-^kmttkr ^Jtb si^h><^J^*^^)t)ipcircuinfcrcnce ,ii^o Jt^p ^ual 

paijtf , - aBairtwr«l&>ffixJ89r^^??' e^ch. ; , '. • .,*'.* " ". 
Eg 7 -"■ ■ ii^. 4i?tl^^ bale are c- 

**'* qual, thati8,,fh^4I«l?;;•m(B.M,l?<W?l,^9fe^«Pg^5*^- 
cr ^S: ^y ^ "^^ ^^ ^'^ ifofcerea triangle i» meant the fide 



* t^^hidi^oins the two equal fides»'^ 
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. Iri^ aa equilatecaltriangle all the %h[» angles are oiquali Plate 
. Jfc^ 5, Jf in two triangles fwp fides of the one be equal to !•« 
two fides of the other, each to each Tefpedively 5 and if the an- f^^S? ^4* 
gle formed by thofc two fides be alfo equal, their bafes ahd the 
other two angles will likewife be equal. 

In the triangles ABC, and D EF, let the fide A C be equal 
to D F, the fide A B equal to D E^ mdltUc wgle at A equalto 
the aiigle at D;' then! the arigleat E.wiU he e'qlial to the angle, 
at B, and the angle at F. equal to the angle at. C, and the fide 
F E equal to the fide C B; for let each be infcribed; jn a circle^ 
becaufe the imgles at D and A are equal, the arches on which 
t^y ilaHd will .be eqiid, o£ .which F E aad C B: are the chords, 
andi.therie^ba they mUfl:. be .equal; and (the chords D F>nd .A C 
being equal, the angles £ and.B miift b&'equaU and .<he fame 
may be faid of the angles, at F and C. 
Thij demonfirat{on fuppofes the, circki to 6e egualj wbicif may be 

thus proved : The arch fubtended by ihe.uibfird BiC/ '^ t^af 
. fiibifisnd^d: by ibejtbord E F,, cmtilin jheifonfe HumJ^rof de-^ 
l\ ^nees, beciufe tbeiangJes/af:A.a»dVi '^e equal yjbe, fitter .tfwp^ 
, arches fubtended. byibexbords ABandiAGj/wii/ contain: as; 
• many degrees as tbofe fubtended by the cbordx D E and D F ; 
t . iutjbefe,.chi^ds are equally tber^ore^ the arches^ «n4 of ctmfe'^ 

quence the circles^ are equaL ,': k\ , ; ' ; ; .; . . 

Inf. i. If in two triangles two angles of the one be ecjual to two 
angles of the;other, each to each refpedively, and a fide of eaehx3p- 
pofite to the fame angle be alfo equal, the triangles will be equal itk 
all rcfppds ;; and if all the refpedive fides of any two triangles are 
equal, their angles^ and. conjCbquently alLthpir p^tSi will be equaU 

PROP. VIL Theorbm. . 
If between two parallel lines AB and CD, any two Knes, as Fig- r* 




•perpeodi 
(by Def.y\) "wilt be equal • the angles ^t «'and' t ))cipg both 




there- 
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Flats theref<)re, /'/«' and rxwill be equals and ffto^the e^mtl fides 
. r. fh ftf s t, \x added the fine n f, s m and t ft ynW be eqtial ; but 
Fig. 25. fft is eijual to / rj therefore I r and t tn will be cqi»l. 

PROP. Vni» Theorem. 

In any triangledl ABC, if the fide A B be produced to X>, 
and A D is double ^ A B} if the line D E isdriw* parallel to 
to B C, then will A £ be equal to twice A C» and D £ equal 
tt> twice B C. 

To dennonftrate tiils^ draw the line C F parallel to A Dj thetr 
€ F will be equal to B D (iy Prof, ji) at A B by fuppofition ; 
die angle C F£ is equal to mt angle A B C 1 £)r the angle at I> 
i» equal to either of them Y^y I^' i" Proft, 3,^ and the anrie ac 
A is equal to that at C ; therefore the tria^ks ABC and C F& 
will be equal in all rcfpcds, viz. C £ s AC, FB:&BCs 
BFj andCFsaiAB. 

A^ liie fame noraner it maybe proved, that if A D oon- 
film- A B any number of times, AB will contain A C» and D E 
wHl contain B C the fame number of tim^. 

Jttfi I. In any trian^e, a» AB C, if a line D E is drawn pa,> 
Kdlel to any fide, as B C) thep AB will be to AD as AC is to 
A £, and a» B C to D £. 

To denoonftrate this, let the line AD be | of AB^ thenDE 
trfll be ^ of B C, and A E 1^^ of A C. 

Divide the line A Binto foas equal parts in the points' i, 2, T>, 
through which draw lines parallel to A C to meet the line C B 
in the pqina fe ^', thfough ^efe draw lines- parallel to A B to 
iheet the li&e AC in die pointis E, 7, ^; lilefe lines will form 
10 equal triangles j for the lines E /, y e, S h, being parallels; 
the angles B ^ D^ ie r, ffa-t / C E, will; be equal, and the 
angles Cferfea^ e h c^ ^ B D, will Ukewife be equal ; the ba^ 
D B, c by ft e\f. £j^, being between, the fiune parallels, are alfo e- 
qual:^ dierefxe the trian^s are equal in all refpe^, and C^; 
fe, r^^ and M^, will be all equal; but Cf)& equal to E<z 
z^ ac =a c.D.iTiow C B ccmtains C/ four times, and D E con- 
tains- its eiMal J^ a only three times ; dierefore DEis^ofBC^ 
again, A C contains C E four times, and A E contains its equal 
E 7 three ^Bp/c&^i therefoie A E is 4 of MC, 

To iikiilntte tHb binumbess, la the fide A C be 40, the fide 

ABu 
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A B 32, and the fide B C 52, and let the line D E be drawn Plats 
parallel to B C j if any one of ibc fides of the triangle BAD I> 
be given, the odier two may be found by the rule of diree. ^'S' ^5* 
For A D (being ^ of A B) ss 24 by fuppofition, it will be 

AB:AD::AC:AE 






32 : 24 : : 40 : 30 
AB:A0;rBC:DE 



ji : 24 :: 52 : 39 

If^lSde DE(ss4BC s>^ by fappofidon be given, 
Then(BC:BA::D£:DA 

I 52 : 32 : : 39 : 24 
AiidfBC:CA::DE:£A 
I 52 : 40 : : J9 r 30 

If the Mt A E (s ^ A C) s 30 by fuppofition be givea 
ThaiCAC:AB::A£3AD 

I 40 : 32 : : 30 : 44 
AndrAC:CB::A£:ED 
1 40 : 5a : 30 : 39 

^&. As die radios AD is to the radius A B, fo is the chords. ^ 
D£ to die chord BC; for the lines D E and B C are paraUel, ^'& ^^ 
which may be thus proved. 

In the triangle ABC let the angle at A be 40 degrees, then 
the aa^s at B and C will be 70 degrees each } and as the angle 
St A is' common to both triangles, the angles at D and £ will: 
likewife be 70 degrees each ; dierefore the lines B C and D E 
will make equal angles with the line A B, and confeqoently wilt< 
bejparatfel. 

Hence, as die radius of any circle is to the radius of another- 
circle» £> is a chocd of the fatt circle to the chord of the fame 
number of degrees of the {ecood circle }: and if two triangles are 
finular, that is, the angles of one equal to thofe of the other re- 
fpedurely^ then the fides about or oppc^te to die equal angles- 
will be propordonal } for being infcribed in a circle, dieir re- 
fpe^ve fides will be chorxls of arches, of an equal number. c£ 



tROF# 
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. PROP. IX. Problem. 

Plate To make a triangle whofe .fides fliall be three giren- lines (of 

I. which any two put together muft be greater than the third.) 
Fig. 27. Let the given lines be A ?> C- D,. E F^ . 

Make the line G H equal to any of the. givenjiines, fuppofc 
E F ; then take either of the, other two lines, as C D, and from 
the point G, as a center with that extent, defcribc^ an arch, and 
with the extent A B from the point H, as a center, defcribe an- 
other arch to cut the former ih L ; draw the lines G L and H L 
and the triangle G H L wifl ' be the -triangle required. • 

PROP. X. Problj^m; ' 

Fig. 6. To make an equilateral triangle tlpon any given line, as A B. 
Take the line A B in the. compafTes, with that' extent defcriGe 
an arch from the point Aiai»a center,: and wlthihe farbe extent 
from the point B, as a center^ defcribe. another arch to cut the 
former, in the point C; driw the lines A C, and,B^C; then will 
the triangle ABC be equiktecal, and each fide .equal to the 
given line A.B.. 
. . The demonftration of both'thefe propofitiohs is manifeft from 
the conftrutUon of the^trianglcs. :'..;:.. 

PRO P. XL Problem. 

Fig. 28. To raife a perpendicular from any given point D, of a. given 
lineiAB, r 

Take any point C, at pleafurej from this as a center defcribe 
a circle to pafs througli the point D, and to cut the line A B ii) 
E- through th? ccntqr:Q from E, draw a- line. to cut the arch 
in F, and E F, will be the diameter of the femicircle ED F j 
draw the line D F and it- will be the perpendicular required. 

i ; P R OP. XII., . Problem. . ! " *!! 

.' *From any given point F. to let fall a perpendicular to a given 
line, as A*B: ' v ' ' 

Draw a line at pleafure from F to cut the line A B any vHierc; 
as at E ; bifledt the line F E; upon C, the middle of the line, as a 
centerj With the extent C E = C F, defcribe an arch to cut the 

line 
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Une A B in D ; draw the line F D and it will . be the perpehdi- Pl atk , 
Culiir req^uiried^ I^ 

Tms is only the rcverfe of T?rop. 11. 

All that is neceflary to illuftrate thefe two proportions Is to 
prove that in the triangle £ D F the angle at D is a right one \ 
this is evident iroo^ Inf. 3. Prop. 6. for the line E F being a 
diameter^ a.od the angle at D being at the circumference, it is 
therefore a right one. 

In praftice there is no occafion to dcfcribe the whole circle \ 
it will fuffice to intcrfcdl the lipQ A B in E, and draw a fmall 
arch, as / g^ oppoiite to the points E and C. 

When tjje.point D is not near the end of the line, the perpen-. \ 
dicular may be raifed thus; from D fet off two points L M equalfy 
demote frocb D i from M as a* center^ and with any convenient 
extent df i!the .compai^es exceeding M D, defcribe an arch^ and . 
with the. fitnuectxteotfrom L, asaceutery defcribe a»iotberarch 
to cut the former in F ; the line F D being drawn^ will be the 

.But if^c pioint F be grven ^ ^£rotil F, as a center> defcribe an 
9rch tP ^utvtbc line. A J3:iii Laiid M$ fit>ni which points,, as cen- 
ters, deicribe!tw6 arches to interfedt eacb other in N3 draw the 
line F N, .which, will cut the line B A in D ^ » then will F D be 
perpendicular to A B. .1 • ; : ' . i - A 

.To divide {s«y ^gketi jight Jine :( A B) into two equal parts. Fig- jg. 

, From t^ poinds A and B, as center^,, defcribe twO; arches to iii- 
.terf^d: eachj odief {in i):;\bbd with dierfame eitdnt .defcribd two 
arches to .jnt^f^e^d):^eac.h QtJ»ec in :C^ £id line^D C.being dmwn. 
will cut the line A B into two equal parts in G. 

PROF. XIV. Probl^nt. r 

Thro^ any diree given points^ as A, B,^ D, not lying te a right p 
lineptd dritw a ci#cb. , ' ' ^S- > • 

- Join, the points^ A B^ B D With right Knes; divide thofe lin^s 
into two eqnal parts ^ draw the perpendiculaFS F m^ G n^ and 
let. them be produced till they interfeSiach 6ther;: the point of 
interiedlion C will be the center of the circle required ; for as the 
'.ckcuoiference is to pafs thro*^ the pomts A> B^ D> the lines A B, B D 
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Plate muft be chords ; and if any two chords are hiileded by two 
L perpendiculars, they will^ if produced, meet at the center, by luf. 
2. Prop. 4. 

By this problem it is evident that if any three points are ta- 
ken in the circumference of a given circle^ die xxnter may be 
eadly found ; and if the iegment of any circle is giiren, the circle 
may be compleated^ by taking, any three points in the given feg^ 
ment, and then proceeding as before. 

P R O P. XVi Probxem. 

Fig 31* T^* a giv^n^iatF tD.dcaw a line parallel to agiven line 
AB. M , 

Draw the line F G at pleafare ; at t&e pcMnt F make the angle 
D F G equal to F G B^ the line D F being drawn, will be paral^ 
let to the line A B ^ becaufe the .altonate angles- are equal, by 
Prop.'^. , . ^ - - . 

This may be done without drawing the line FG, thus; open 
the comf^Lifps till .with. ope fbotiixed in F, iha bciifer maycut^the 
Xinti any where, asin B; thqa widithe (actle^^JcteDt,.frOih any other 
point in the line, as G, dcTcribe anarch ; and with the extent G B 
iirom F, as a center, defcribe an arch to cut the former in D ; the 
\\jfit F D will be the parallel required. 

DEMON ST R AT^I O N. 

In the triangles D GP and jBGF, the &6tG ITissrl) F, and 
T B r=iD G, and F G conmion to both. Therefore the triangles 
are fimilar, and the akemate ailgles G F B and F G D are equal } 
.and therefiveihe lines G B and DF are parallels, hy Prop. 3. 

PROP, XVL Problem. 

Fig. 31. ^^ ^^^ ^ K^^ which ihall be a fourth proportional to three 
given Unes as Aft CD, EF. , , : . 

Upon the line L M take L ^ cs A B, .and draw.^ fine gb^ 
making any angle, at ple^ure with the Hjn? L M, and make -ghss, 
DC. Set o^ £ F frp^n L fo N, ^and from the pcnnt N draw 
a line parallel to ^ ^; thro- the point k draw the line L O, then 
will O N )be the fourh proportional required. 

Far 
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For in the triafigle L N O, jfi&Js parallel to NO by canftruc- Pj^at^ 
tioD, thcrcforeL^C=AB):^A(=:CD)::LN( = EF): I. 
NO. {hjJhf.i.Prop.S.). 

If it was required to find a third proportional to two given lines 
(as A B and C D), proceed in the fame nianner^ only take L I == 
g h^ and draw-tfae line I K parallel .to g by then it will be 
L^:^i&:cLI:IKtbe third proportional required^ 

PROP. XVII. Problem/ 

To find a mean proportional betwixt two given lines as AB, Fig. 33; 
CD. . . *■ 

Upon the lineLMfet offL Nss AB andNO=£iC D, bi- 
fedt the line L O in C^ upon whicb^ as a center, with the extent 
C O =s C L, deicribe a fenucirde from the point N, &c. 

From the point N eredt a perpendicular, this will mterfeft the 
femicircle in the point £; the line £ N being drawn, will be a 
proportional to the lines LNs&^ A B, and N Os: C D. 

DEMONSTRATION. 

The triangles LEO and LE N are iimilar, for the angle L E 
O is a right one (by Inf. 3, Prop. 6), the angle L N £ is alfo 
right by conftrudion^ and the angle at 1> is common to both» 
therefore the angle L£ N is equal to the angle at O* the triangles 
L E N and E N O are alfo fimilar, for they nave each a right an- 
gle at N, and the angle at O in the one is equal to the angle L E N 
in the other; there^e the suigle at L will be equal to the angle 
N£0} therefore LN:N£::NE; NO hy Jnf, z, Prep. $, 

PROP, XVIII. Theorem. 

The radius of any circle, is equal to the chord of 60 degrees of - 

thefianedrde. 

DEMONSTRATION, . 

Upon the radius A C ma^e an equilateral triangle ABC, then p^ »▲ 
(by Lif, 4. Prop. 6.) the angles at A, B, and C will be all equal, ** ^^ 
conftqui^y 60 degrees eac^ but AB is a chord of Uieardi that 

F mea- 
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Pt AT2 meafures the angle at C, which is 6& degrees ; therefere the chord 

i' A 6 of 60 degrees, is eqnal to the i: adius A C or B C 
Fig- 35- ... 

PROP. XIX. Theorem. 

Parallelograms or triangles, having the fame or equal baib, 
and being between the fame parallels, are equaL 

D E M O N S T RAT ION. 

pj Let the parallelograms be A B C D, and C E D F. 

S- 35* Becaufe the fides C E and D F are equal, and parallel by con- 
ftru<aion ; the angles A E C andB F D ane equal (by Profy. 3 .), and 
becaufe A B and E F are alfo equal, if B £ is added to each, then 
A E muft be equal to B F, and as A C is equal to B D, therefore 
the triangles A £ C and B F D are equal in every refpedl, and if 
the common triangle B E O is taken away from each, the planes 
A B C O and E F D O.will remain equal j to each of which planes, 
if we add the triangle COD, the parallelograms A B C D, and 
C E D F become cqiml. ; / , ^ 

Hence it appears that any two triangles (as'C D A,C D E) ftand- 
ing upon the fame bafc (C D), and between the fame parallels 
(A F, C G) are equal; for they are halves of parallelograms of the 
fkipehafe and altitude (as ABC D and CD EF). . 

It is evident from this propofitionj that we may make a right 
^gled triangle equal to any given oblique dne, for if we draw a 
line, as A F parallel, toeithcrof the given fides, as CD, through 
the oppofitc angular point E, and crftd a perpendiciilar at cither ' 
end of 4he fame fide C or D, to meiet the parallel in A or B ;. then 
will thf /ight angled triangle C B P =? C A D, be equal to tjie 
oblique one C pE. .! . . . ^ , . . ' 

Fig. 10. ' I^ ^s like wife evident from hence , . that the rhombus E F (J H, 
12, is equal to the rectangle EFx z^ and that the rhomboides N O 
P Q, is equal to the redlangle N ff ?/ j and confequently that, hy 
the fame method we^ may miake a reftangle equal to any given 
parallelogram- ■ - ^ - ^' /. /» 7/ 'i W. " \ [^ .; 

\P\RvQP. XX Theorem. 

'. ■ ' • '.-«*. .^. . , . I 

p. g In a right angled] triangle A B C, the fqpare- of the Ipi^ft 
*S' 3 • jJde A C (called the hypothenufe} is equal to the fquarcs of l^h 

the 
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the other fides A B^ B C (called the bafe and perpendicular) taken ' 
together. 

P E M O N S T RAT 10 N, 

The fouare A C H I, whoib fide is the hypothenufc AC, is ^ 
iaual to the fedangles A H F G, and F G I C taken together; 
therefore all that we have to prove is, that the fqiiare B C 1^ E k 
equal to the rectangle FGIC, and the fquare A B K L to the re6t- 
^ngleAHFG. 

Firft it is evident, that the triangle B C I is one half of the red- 
angle F GIG, it is alfo equal to thfe triangle BC D, becaufc it 
ftands upon the. fame bafe B C, and" between the (anie parallels 
B C, E D ; novr the triangle B C D = B C I, ii one half of the 
fquare B C D E, therefore the whole fquare B C D E, is equal to 
the whole redangle F G I C, each being double the equal tri- 
angles B CI, B C D. * ' \ 

In like manner, the triangle A B H = half the reftangle A G HF; 
ftanding upon the fame bafe A B and between the fame paral- 
lels A B, L H, is equal to the triangle A K B, which is one half 
of the fquare A B K L ; therefore the iquare A B K L, and the 
reftangle A H F G being double of the equal triangles A B K, A 
-BH, are equal betwixt themfelves. • . 
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C H A R IV. 

0/tbe ConJiruSHm and Menfuratim of Geometrical Figura^ 



Plati r 
I. 



JTTAving explained the principles of geometry, we come now 
Jfj^ to fiew their ufe in the conftru^ion, and menfuration of 
all plain figures, which we fhall reduce to three clafles, viz. 

1. Thofe that are limited by three right lines, called trianglei, 

2. Thofe that are limited by four right llnes,called quadrilaterals. 

3. Thofe that arc limited by many right lines, caUed polygons. 
Mathematicians fuppofe all plain figures that inclofe any part 

of ipace, to be comprehended under one of thefc denominations, 
for curvilineal figures are fuppofed to be limited by an infinite 
number of right lines; we (hall begin with triangles, as no fi^ 
gure or fpace bounded by right linesj can have fi:wer than 
three fidesv 



SECT. L 

ReSli lineal Trigonometry^ or the Conjiru^ioff of Right lined Tri^ 

angles. 



npi 



^Rigonometry is that fcience by which we learn to meafure 
the fides and angles of triangles, and is one of the moft uie- 
fuTb'ranches of the mathematicks ; for as every triangle confifts 
of fix parts, viz. Three fides and three angles, and it often hap«* 
pens that fome of them are unknown, yet if any three of them, 
provided one be a fide, be known, the other three may be found 
by this aft, either geometrically by fcale and compafles, or by an 
arithmetic^ calculation. It is either redilineal or fpherical^ we 
fhall only treat of the firfl, 
Fig*5< In order to delineate any triangle, it is abfolutely necefiary 
to have a fcale of equal parts to meafure the fides by, and a line 
of chords for meafuring the angles, thefe and the lines of fines, 
tangents, and fecants, and feveral others, are laid down upon the 
plain fcale, we fhall firft explain thefe terms^ and then fhew how 
to confbud); the lines. 
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'^ECT. L TUiGQNOMErRr 39 

Plate 
I> E F I N I T I O N S. I. 

1. The RIGHT €INE of any arch, is a perpendicular line drawn ^ig- 37* 
from one end of it, to a radius or diameter drawn to the other 

end; A D is the right fine of the arch A B, or it is half the chord 
of double that arch ; for taking the arch B J equal to A B, A J 
will be the chord of the arch A B J ; of which the fine A D is 
one half,. '^-^ * 

2. The SINE COMPLEMENT of an arch, is that part of the ra- 
dius intercepted betwixt the right fine and the center; thus, C D 

is the fine-complement of the arch A B, for it is equal to F A ; ^ , 
the right fine of the arch E A, which is the complement of the 
arch A B. 

J. The VERSED SINE, is that part of the radius, intercepted 
between the right fine and the circumference ; D B is the verfed 
fine of the arch A B. 

4. A Tangent to a circle, is any right line fo drawn as to 
touch the circuodference in any point (B), and if to this point be 
drawn a radius, it will be perpendicular to the tangent; thus 
B M is a tangent to the circle in the point B, and the tangent of 
any arch, as A B, is that part of the line B M, intercepted be« 
tween the point B ; at that end of the arch to which the radius 
is drawn, and the point H, where a line drawn firom the center 
C, thro* A at the other end of the arch, interfedls the tangent 
line BM; therefore H B is the tangent of the arch A B. 

5* The SECANT of an arch, is a ftreight line drawn firom the 
center thro* one^nd of the arch, produced till it meet a tangent 
drawn fi'om the point B at the other end of the arch; fo H C is 
the fecant of the arch A B. 

The fine, tangent, and fecant of the complement of an arch, 
are called the fine-complement, tangent-complement, fecant- 
complement, or co-fine, co-tangent, co-fecant; C R is the co« 
iecant ; £ R is the co-^tangent ; A F the co-fine of the arch A B, 
and the fine, tangent, and iecant of the fupplepaent of an arch, 
are the fanie with thofe.of the arch, for being drawn according 
to the definitions, there refults the fame line. 

Hence the fine of 90 degrees is equal to the radius, for it is 
half the diameter by the definition ot a fine, and is the'greateil 
of all the iines ; the fine of 30 degrees is half the radius, for it is 
half the chord of 60 degrees, wluch.i/^8 proved to be equal ta 
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40 rRIGQ!t70MErRr. Chap. IV. 

Plate the radius ; the tangent of 45 degrees is equal to the radius^ for 
II- let the angle N C E, or N C K be 45 degrees, N K the tangent, 
and E C the radius, are parallel, being both perpendicular to the 
diameter KB; but N E and K C are alfo parallel, being both 
perpendicular to the dianaetej E C ; and therefore the tangents 
N K and N E are equal to the radius. . 

ConftruSftGn of the Lines on the plain ScaJe^ 

I. The Line of ec^ual Parts. 

Fig- !• This may be made of any length, zs A B, and divided firft into 
ten equal parts deftinguiihed by the figures i, 2, 3, &c. Then each 
of thofe divifions mud be fubdivided into 10 equal parts, fo the 
whole line will be divided into 100 equal parts; the figures i, 2, 3, 
&c. denoting 10, 20, 30, &c. of thofe parts, there will be no ne- 
ceflity for numbering the fmall divifions betwixt the figures; but 
for the better illuftration of the fcale, we (hall diftinguifti thofe 
between A and i, by the letters of the alphabet* Any number 
lefs than 100 may be readily found on this line, for if it be leis 
than 10, count as many fmall divifions beyond the beginning of 
the line or point A, as there are units in the number, as, if 6 
were required, it will be at the point y; if 60, at the figure 6$ 
if 66, count 6 fmall divifions beyond the figure 6, and you will 
have the point required. ^ 

If the number exceed 100, the fmall divifions ixiufl: be fubdi- 
vided again each into 10, but the length of Our line will not ad- 
mit of thefe; we (ball therefore make ufe of diagonals, by which 
means any number under 10,000 may be had with as great certain-, 
ty, as if the line A B were aftually divided into 10,000 equal, parta. 

To perfomi this, let there be 50 lines at equal diftances from 
one another, drawn parallel to A B; and having compleatcd the 
parallelognim A B C D, let the lower line CD be divided exadt- 
ly like the upper line A B, into 1 06 equal parts, and numbered 
I, 2, 3, G?r. and draw the diagonal A a. c 

Now the portions of the parallels, id,5o>1|o, G?r. intercepted 
betwixt this diagongland the perpendicular A C, will be i tenth, 
2 tenths, 3 tenths, 4^^ of the line C /jj for in the triangle A C tf, 
ktCa be the bafe^ then the portions of the parallels 10, 10, &c. 
will be bfif?s of as manytrianglesf, fimilar to the IriangfeAC^^i 
therefore AC; C ail:' A 16: tha p<Mrjion.af thi pacallel lOj 

inter* 
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SicT. I. "TRIGONOMETRr. 41 

i(itereepted betwixt the diagonal A a and perpendicular A C, but Plate 
A la is the tenth part of A C by conftrudlion , therefore the por- U- 
tion of the parallel 10, is the tenth part of C a^ or the thou-^^S-'^- 
fandth part. of the whole line C D or A B; the figures i, 2^ 3, 
&s. denote loOj 200, 300, &c. and a, b^ Cy 10, 20, 30, &c. of 
thofe parts. 

. Again^ if there were 9 parallels drawn betwixt the line A B 
and the parallel 10, it is plain the portion of that next to the line 
A B, intercepted betwixt the diagonal C a^ and perpendicular 
A C, would be the tenth part of the portion of the parallel 10, 
intercepted betwixt the fame lines, or the j 0000th part of the 
whole line C D or A B, In the pJate we have only four inter-^ 
mediate parallels numbered 2^ 4, 6, 8 j^ fo their portions intercep-. 
lied betwixt the diagonal C a, and perpendicular A C^ will be 2^^ 
4, 6, 8, of thofe parts. 

By thefe means the Kncs A B and C D, are in effedt, divided' 
into 10,000 equal parts j the figures i, 2, 3, &c. denote 1000, 
2O00, ^ooOy&c. the fnxall diviiions on the lines A B and C D/ 
betwixt thofe figures will be hundreds ^ th^ tens are not transferr- 
ed tp the lines A B and C D, but may be had at the interfeAions 
of the parallels 10, 20, 30, &c. with the diagonals. If the units Fig. 6^ 
are even, they may be tound at the interfedlion of the diagonals, 7- ^i 
and the intermediate parallels, but if they are odd, as i, 3, 5t 
&c, half the diftance in the diagonal, mujft be taken betwixt 
Ihofe parallels.* To compleat the.fcalc, there mijft be diagonal^ 
drawn from all the divifions in the line A B tP the line C P, pa-* 
rallel to that drawn firom the ppipt A in the lipe A B, to the point 
a in the line CD. 

It will be very eaiy to find any number under iQ>opo upon this 
fcale, as in the following example, "oiz. 

: For units, Jopk for the parallel below the line A B, betwixt 
the point A and the parallel 10 ; thus^ to find 6, look for the third 
parallel, its interfeftion with the diagonal A a (which is the firft 
of all the diagonals) will be the point required ; this parallel in Fig. 9, 
the plate is numbered (>, but the odd numbers muft be found 
betwixt the parallels ;, for inftance, the nuniber 7 will be in the 
iame diagonal A ^, between the parallel 6 and the parallel 8. 

If 10,, 20, 30, &c. be required, look for the interfeftions of Fig. lO* 
the parallels. fonun^bered, with the firfl: diagonal A tf, and you 
will havf ,tli? poini .rcguir^t If the given number is 12, firft 
' * '* • * - and 
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42 rRIGONOMETRr, Chap. LV.. 

Plate find lo, and the interfeaion of the parallel next below that^ 
!!• with the fame diagonal will be 1 2 > the number^ 25 will be in the 

F%- *• middle of that part of the diagonal betwixt the fccond and third pa- 
rallel below the parallel 20; fo that if the number be lefi than 
100^ it will be in the firfl: diagonal; if it exceeds ioO| and is lefs 
tlian 200, it will be in the fecond diagonal ; and if lefs than looo^ 
it will be in fome of the diagonals, drawn from the feycral 
points a, *, r, //, &c. between A and i, in the line A B to the^^ line 
C D, thus the number 600 will be the fixth fmall divifion from 
A towards i ; but if 606 is required, it will be found at the inter- 
feftion of the third parallel (numbered 6) with the diagonal y*^j 
and where the fame diagonal interfedls the parallel, 60 will be 
the point for 660; and the middle of that part of the fame diago- 
nal, betwixt the third and fourth parallel below that of 60^ will 
be the point for 667. 

The number 6000 will be at Fig. 6. in the line A B 5 6700 
at the feventh fmall divifion beyond Fig. 6. in the fame line ; the 
number 6750 will be at the point where the diagonal drawn from 
the point 6700 in the line A B, interfedls the parallel 50; and 
where the fame diagonal cuts the third parallel below the parallel 
50, will be the point for 6756. 

The diagonals upon Gunter's fcales, confift only of eleven pa- 
rallels I the upper and lower are graduated, the one into inches^^ 
numbered i, 2, 3, &c. to 9 5 the other into half inches, numbered 
i> 2, 3, &c. to 18 ; fo there are no fmall divifions betwixt the fi- 
gures, but there is an inch before the beginning of one line, and 
half an inch before the beginning of the other line, divided into 
ten equal parts in the upper and lower lines ; and diagonals drawa 
as in that, in the plate, which will divide the inch and half inch 
each into 100 equal parts ; fo that if the /paces betwixt the fi« 
gures be 100, thofe betwixt the diagonals will be tens, and the 
units will be at the interfedtion of the diagonals and intermediate 
parallels i one example will fuflice to fliew how to take off any 
number by this fcale : fuppofe 748, firft find the figure 7, and 
obferve where the perpendicular, fii&m that point, interfedb the 
eighth parallel fi-om it, there fix one foot of the compaiies, extend 
the other to the interfedtion of that parallel with the fourth dia^ 
gonal, and you will have the extent for 748. 

There are feveral other Imes of equal parts which are gradua^ 
ted, and nun^bered exadtly as the upper or lower Itneof the dia«- 
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gpnal fodlf I aifd the divifions and M^\y)$xm ^^ iQ ten9 ; bvt as Pf.A.Tf . 
one inch is the twelfth part of a foo^ the diagooal fcales for ifeet U- 
9nd inches^ confift of teven parallel^^ the upper and lower lipes ^^j^ ^ 
are numbered as in the otner diagonals; the fpaces betwixt 
the figures are tp repreftnt feet, which fuppofe one inch in 
the vppe r lime S T, and half an inch in the lower line N O : 
They are numbei^ed i, z^ &c. the onie coptrstry tP the o* 
ther, as upon mod of the (hipwrights rules. Set off half ^ 
inch to the right fro|Q O, a^ thj^ beginning of the lower liqe to 
9; s^id ope indi to tl)e lei^ from S, %t tl;ie b^^inniog of the upper 
lipe to mi then draw t:vo 4^gona^, to be diftant ^om one ano^ 
ther one inch op ij^ upper line» wA to nietst in the lower line at 
the middle of the inch ; aiyi at the other end draw two diago- 
mlSf ^o b^ At ^e diftance of half an ipdi feom 00c another in 
the lower, arid to meet at the middk of the half inch in the up- 
per line* It is evident the inferfe^ojns of the& diagonals will re- 
prefent v^k^. 

T^e pthf r Mpf s 6fl ihe feJc «e token irom .the equal divifiqns yjg, -. 
of a circle, and are conilruded in the following manner, viz. 

|. Wi^ the r^djus ypu intend fy: your ic^ at C as a ioen- 
Icr, defcribe a &i|}^cir<;lf , A D B ; ihfiu upon the center C e^ 
^e^ the pje^pctqdiK^iilar jC 3, which wiU divide .the femicircle into 
two quadrants A D, D B, and draw the right lines A D, D fi. 

2. pivjde t^ q9»(|r<u>t 6 {>mtoj9,Qqu»l parts; each of thofe 
4.ivi$(W wiy CQB^n 19 d^greef, f^.si quadrant or fourth past dfz 
cirde contains gq degrees ; place ojm ipot of the commobs in B, 
and with the other transfer the feveral diviiions from the circum* 
ference to the right lipp B D, thep wjU B P be a line of chords* 

3. Upon the point B er^^ the perpendicular B Ti then draw 
Unes from the center C through the feveral divifions 10,20, 30, 
4&ir. of the ^4:;h P D to meet i^e l^f B T, and jMtmber the fe« 
▼eral points ^ intcrfe^ion 19, 20, 30, G^c. Uie iamci ajs the mtxfiis 
4hai will B T tw 4i Jii^ of r AVPENTs. 

.4. From ^ points 10, 20, 3o> &f^ in the jirch B P, let f^\\ 

^rpen4i^flW6 |o the radios JCB; thpjff iever^ perpendiculars will Fig. 30* 

%c <he £nf>.pf (tfi^yiirfJi^s, 4n4 ^iU divide tfe Ridius CB intP 

a line of sines, which muft be nunJiH^iied J0f %o» &c. fcQ9^ C 

(Owt^to B) $K :$ijfe ^b« ;P?rpe<i4iwlar .|pt fftU fffm the .point 

,A>, to d)^ fMlws C A h:^im of 3o ifgrp«s J C iQ wiU.bc 
Jjfkfi fiw.pf .ipdRpeps X^y Pdf- 9,.p(^^\»*) 

G $. It 
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r R IG N M ET RT. Chap. IV: 

Ft ATI 5. If the fame line be numbered from B towards C, it will 

H. become a line of VERSED SINES. 

P^K- 5- 6. With one foot of the compaffes in C, extend the other to 
the feveral divifions of the tangent line B T, and transfer thofe- 
extents to the line C S ; then will C S be a line of secants. 

As the fhorted fecant that can be drawn^ is longer than the 
radius, and the longed fine is equal to the radius; the line of 
fecants on the fcale, is on the fame line with the fines. 

7. As the angle, wiiich the diameter A B makes with any line 
drawn from the point A, to any point in the circumference, is 
one half of the angle, that the radius B C makes with a line 
drawn from the center C to the fame point (by Prep. 6. Cbap. 3.), 
Right lines drawn from the point A to the feveral points 10, 2O9 
&c. in the arch B D, will divide the radius C D into a line of 
SEMi-TANG'feNTs, or taugcnts of half thofe arches. 

8. Divide the quadrant A D into 8 equal parts, and with one 
. foot of your conipaffes in A, transfer the feveral divifions to the 

right line A D, then will A D be a line of rumbs hereafter to be 
fpoken of. 
Fig. 6. ^^' '^^^^ ^^^^ ^^^ transferred from the femicircle to the fcalc 
where they are drawn parallel to one another, and diftinguiflied by 
the initial letters of their proper names, being what is called a plain 
fcale. 

The line of equaL parts, and the line of chords, will be fuffi- 
.cient for the conftrudion of any redilineal triangle, but we think 
it neceilary here to (hew the ufes of the other lines, 

P R O B. I. 
Plate cf^ ^^^^ ^ meafure any Angle by the Line of Chords \\ 

Vig. 39.- 1. From the point C, let it be required to draw a line that 
fball make an angle of 40 degrees with the line C G, 

With the extent of 60 degrees taken from the line of chords 

(Which is always equal to the radius by Prop. i8. Chap. 3.) de- 

. \ fcribe an arch y then take the extent of 40 degrees from the ikrtJc 

line, and fet it off upon the arch from A to D, aiid the angfe 

-A C D will be 40 degrees. ' ' ' * ^ ' 

2. When an angle is given to be meafured with the feme-cxter^t, 

-^iz. 6c>iligree»o£ch(Srds;-from the angukr 'point defcHbe^ 

arch as before^ to inte^feA ihe lines that focm^ the angle; ^He 

=• ; '^ length 



Digitized by 



Google 



ScfcT/ IJ T R I G ON M'E T R r 45 

kngth of the chord of that arch intercepted between • \'^es, Plate 
xqeafured on the line of chords^ will give the nunabcr or • •: ^ 
that the angle contains. ' "7 

If the given angle is greater than 90 degrees, it may be i - 
or meafured at twice. Thus, fuppofe the angle 130 degrees ; nift 
take the chord of 90, and fet it off from K to E, then take the 
chord of 40 degrees, (the remainder) and fet it off from E to A, 
then will Ae angle A C R be 1 30 degrees : Any other two chords 
whofe fum is 130 degrees, would have anfwered the fame pur- 
pofc. But -as every femicircle contains 180 degrees; when the 
given angle exceeds 90 degrees, it may be very readily made, by 
letting off its complement to 180 degr4gcSj from the extremity of 
the diameter : Thus, if we fet off 50 degrees of chords, from B 
to A, and draw the line A C, we have the angle A C K = 130 
degrees as before. When fuch an angle is given to be meafurtd, 
if that extent is taken, and fubftra<fled from 180 degrees, the re- 
mainder will be the quantity of the arch. 

P R O B. II. 

Tojind the Sine^ Tangent y or Secant of any Arcb ^ the quantity of 

., the Arcby and the length of the Radius being given. pj g 

Let the angle vbe 40 (degrees, and the radiuis 100. 
. Now as tbis:.is^ the Ifijgth of the radius, by which thofe lines 
on the fcale were conftruded ; take 40 from the line oiF fines, 
that extent meafured on the line of equal parts, into which tlie 
radius is divided, will give the length in numbers, of the fine of 
.40 degrees; and by the. fame method, we have the tangents^and 
fecants of any arch ; but when the radius is not the fame, obfcrve 
the following method. 

Suppofe the angle 40 degrees, as before, and the radius 88 
inches. ' 

Make D C A an angle of 40 degrees by the preceding, and 
produce the lines Q D and C A; then take 88 from any fcalepf 
equal parts, . and with that extent from the angular point C, de- 
fcribe an arch, as L B; from L let falKthe perpendicular L M, 
which will be the fine; the perpendicular B T wHl be the tan- 
gent, and C T the fifcant of the ai:ch;L B; each of which meafur- 
ediupoQ the fame (cale of equal parts as the radius was taken from, 
will give the fine, tangent, and fecant of the arch in numbers. 

Gz PR OB. 
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46 TRIGONOMBTItr. Cif At . IV, 

^ P R O B. IIL 

Plate 

I. 77je Length of the Sine, Tangent, or SecOht ; iiiid tbel^antity'bjf 
Fig- 38. hn Arch given to find the Leh^th tf the RadftH. . 

Let the angle be 40 degrees as before. 

If the fine is given ; at any point as Nf . ojf a right Xmt, as 
C N ; eredt g perpendicular, and make Kf L equal tp the given 
fine ; then at L make an angle of ^o degrees, (he coorplemeat 
of the given angle, and draw the uiie L C, wliich wiU be the 
radius required. 

If the tangent is given, make B T equd to it, and make the 
complement angle 50 at T; (b the line B C will be the radiuc. 

If the fecant is given, make C T equal to it, and make an an* 
gle of 40 degrees at C, and one of co at T, the line T B will in- 
terfed the Ime C N in B j then will C B be the radius required* 

P R 6 B. IV. 

T^be Length of the Sine, Tangent, erSetdnti and the Length of 
the Radius given } tofiid the S^uantity of an Arch. 

Let the radius be 88. 

If the fine is given, at any point, as M, of a right line, as 
C N, eredt a perpendicular, make M L equal to the givtn fine ; 
with the given radius 88, from L, as a center, deicr^e an arch 
to interfedt the line CN inC, and draw the IkeCL} then will 
L C M be the angle required. 

If the tangent is given, trtSt a perpendicular at any point, ds 
B, of the line C N ; make T B e<^ual to the given tangent; from 
B, as a center with the given radius, deficribe an arch to interfeft 
the line CN in C( draw the line CT; then M#1T C 8 be tbe 
an^e required. 

If the fecant i$ given, fet off the given radius from C to B, at 

which Doint ereft a perpendicul^; then widi fkit ^extent of the 

'given fecant, from Cas a center, ^efcribe an arch to interftfi 

Uie perpendicular in T ; draw the libe C T ; then will T C Bbe 

' the angle required. 

D EM O ^ $ T RAT 10 N. 

Draw the perpendiculars D E and G A^ the one will be the 

fine. 
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Bap, «fliditW nihfitibfirmgm ©f t|j(e w^ A P, (^57 A)^ .» WwIa. PfcAT» 
of i^.) Hud C Q Ihe iecaBt pf tl^ £unQ arch ; fyeCAj^pD | I- 
is «he f»id«tt3<«f iliprcicple fin^ ^^h t^oieiincs ^uie cooftn^afid^^'S 3^' 

CD:DE::CL:LM,CA:AG::CB;TB/:9iid 

CA;CG::CB:CT by Prof . B.'Ofaf, 3. 
But C D and C A, mre radii of the arch A D ; and D E the 
fine, G A the tangent, and G C the fecant of tl^e fame arch ; 
Cherefixe L M will be the fine, T B the tangent, and C T the 
iecantcf .'the occh B L, fof wfhi^^CrB is the tfuiiwu 

PR OB. V. 

fTo 'eonjlrt0 « rl^bt -iftud Tmangk, three things ^esug kaim/t, mte 
of-vlncb tmifi olways he « Siie, 

mbis will admit of fntr different Caps, 

i/f. Wjhsn the three ifides are given, dae^^rjaogle jmay be cpn«. 
ibu^ed, as already (hewn Chap. 3. Prop. 9. 

ad. Given t#o^fid«s, (C A fla4 CF) And tl^e.a^le (C) ;^clad- 
fedty du>ie. 'fides, to die]we«te. a triangle (AF p). 

iF«ft jnaice the givcm aagle at C j tbsn 4et. otf p A aad C J the pig. 49. 
fiven fidct irbm we ttlgfdar point, and drawthe Hne AF. 

34/. Given two fides A F and C F, and the angle (C) oppofite 
tixaie 4lf thtaa. 

Make the angle } as .lieto, then Jiom the anguUr point C.fet 
•off odeHfide CF, Aom Fj^ a cep^.} with t^^ ^xtcnt F.A,.th^ 
ofhecfHiBo ftte> deforifee a)i.arcii4o inteifiea tbfi $ne C p, , which 
willbe inA^orB, and C FrA or CF B, will be,t^ triangle re- 
jqurcd. >$0itkit as tln^ cafe will -admit oftwoiblutions; w^Qiqft 
Jcnow. wheUterJsbewC^Qppofiteto the other given- fide is acme 
or obtufe, before the anfwer can be determined % for if obtufe^ 
^ jeaft,. fiframtc. , ^^gitatrflt ^'' W th& required triai^gle. 

^4^. .Gisttn'one fide (A C), .aiid two angles (A and Q. 

i-Draw' ibei j^ten-fide A C } make c^ie of the given angles at A, 
«iid idle; other. dC C, . and produce the lines that form thoie angles, 
ilfll they meet iitP; >dien will AF C be the triangle required. 

■/ After tiw .ttianglea are thus-cwfbttded, theauiknown fides may 
'be meafivedby.lne fiuae Une of equal parts, by which they were 
oooftmOed, and the aisles by the fiune line, of chords ; and al- 
-thoi^h all tiianj^ may be mcafiired and delineated, as we have 
^Ihawniin ti)e.foblia!a of Ufis problem, yet k is ufual to divide 

them 
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48 TR I G NO M E ¥R r Chap. TV; 

PtAtE thejri irito two claffeS, ^fz; right and, oblique angled triangfc^f: 
!•, frbtti whence arifes the divifioh <)( trigonoriietry, into two pai-ts,^ 
viz. right and oblique; the laft of which contains oniy the foi^« 
going four cafes. 

PROS. YL ' ; 

7*0 conJfruSia right angled "Triangle. ' Y ' ^ ' 

Fig- 42. ..This will admit of fix cafes^ dccafioncd by the dif&rtntiAmes; 
by which the fides arc jiifl:ingttifhed, viz. The hypothenufc, 
which is the fide oppofiti to the right angle, as (AC),, The per- 
pendicular (C F) is one fide, and the bafe (A F) the othtr fide, 
meeting at the right angle. To diftinguifh one fi-om the other, wc 
fhall draw the perpendicular, up and down, and the bafe acrofs 
the paper; the angle oppofite to the bafe we ithall call (fimply) 
the angle, and that oppofite to the perpendicular wc (hall call the 
complement angle. • • 

Hence,, as in a right angled triangle, one angte is al^y^s the 
fame, being .equal to' go degrees; it may hi faid to confift of 
four variable psfrts, v/i;. the fhrbe' fides, and an oblique aagpc; 
any two of which being given,' by them the triangle niay be coh^* 
flruaed. ' • ' :- ^' : ' ; ..: 

Fig. 41. Caje i . Glyen the hypothenuie A C, and the angle atC fo^da^' 
grces, to fiiid the bafe arid perpendicular^ : ; • . , t..! .:' .11 
^, Draw the linp C CJ uf/ ahjd down the'JDaper ; them wuh: 6o 6^ 
grees'of fchordsfroiji the point* C,- dfefcribe ah arch; make the 
angle at C 50 degrees', and fet off die given hypotheouie fi-om C 
to A ; from the point A let fall the perpendicular A F,^^ then wtU 
A F'be the bafe, >and GF the perpehdiculaf oftttetrkngle AFC, 
right angled at F. ' ' : / . * • * • ? c' " ' ^ ' * 

. Hence, if the hypothenufe of a right angled triangle, be inade 
the radius of a circle, by which the angles are to be iheafured, 
the bafe and perpendicular will becomre fines of their oppofite'an- 
gles ; A F is the fine of the angle at C, and C F- the fine of the 
angle at A, by the definition of a fine ; and becaufd the fine of an 
^ngle is the fame with the fine of that arch, which is:the ihea-» 
fure of the angles its length canrtot be determihcd till the length 
of the radius is known; for which rea/bn the fame angle may 
have iines, differing infinitely in length from one another in prfih 
portion to the radii by which they are meafuredj^fo that this ca^p 

is 
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Sect. I. TRTGO KTO M BTK 2! 4^. 

U\he very £une with F^ 2. of this; for making the bypothe- Flats 
mife the radiufi of ^ circle; we can find the. fine of any Wch in !• . ; 
the famfe manner as we have (hewn in that problem. 
- C^ 2. Given the bafe A F, and the angle at C 40 degrees, Fig. 4%. 
required the perpendicular C F, and the hypothenufe AC 

Thishinay be done by Phb. 2. of this ; for if the bafe of aTight 
angled triangle be made the radius of.a circle^ thjS,hypoth€;n»f€(> 
will 6fe the ttcant/aiid the perpendicular the taogentpf the angle 
at the bafe A, which being the. comjplement of the given ^pgle^ 
will be 50 degrees ; this is alfo the fame as Gj/^ 4. Prob,. 5. of this 
for here is one 0de, anfl-the ahglcs igivien. iThtre/predraw the 
fine A Facfofs the paper, and 'make a right angle at Fj from F to 
A fet off the given bafe at A; make, an angle of .50 degrees, apdj 
draw the line A C j then will A C F be the triangle required. , 
^ Ql/e 3. Given the perpendicular C F* and the angl? at C 50 Fig. 43. 
degress. ' ' ,:.•...* 

*;[ This in eife<a, is the fame with the preceding,, audp^y be c<^n-f» 
ftni3ddas inPn^. 2. ofGafe^,. Prob, 5. of this rforif thc^perpopn 
dicular be made the fadiiis of a drcle^ jthe b^^e will b^ the-.tan*- 
gent, and the hypothenufe the fecant of the angle C. Therefore 
having fet off the ' given perpendicular C,F, make aright an- 
gle, at F ; at C make the given angle 50 degrees 5 draw the line 
A C ; then willf A C F be the triangle required. - . 

Cafe 4. ' Giv^n the bafe A F, and the hypothenufe A C, to find 
the perpendicular and the angles. . . ' ^ 

. This and the two following cafes may be done as in Pr^^ 4. • 
of this ; for either of the"* given fides may be made the radius of a 
circle^ and •the othei; fides. ;(vill be fines,, tangents; 01: fecants • they 
inay li^ewife.be done a6 in Cafe 2,, or 3 . SfPrpb. 5. of this • for We j 

Tiave two fiics, and either ih6 ificf u^fed angliJ, or the arigle bppoflte 
toofae of the fides given ; in this caife the oppofite angle is given. 
Therefore draw a line acrofs the paper, and fqt off the given bafe 
froni A to F; at the pointFered aperpendrCular; then tkketbe given 
hypothenufe A C with a pair of compaflcs, and from the poiiHf A*, 
as a center, defcribe an arch to interfedl the perpendicular in C ; 
draw the line AC, and the triangle will be conftruftcd. 

Caji 5. Given the perpendicular C F, and the hypothenufe 
A C, to find the bafe A F, and the angles. 

This is exadlly the fame with the preceding, only calling what 
was then the bafe, now the perpendicular ; for making the right 

angle 
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5^ TR I a ONOMBTRK Chap, IV. 

Pi;K;t^ kfi^ «r I^ as befdrb, if #e fet off the j^^ndlcukur fton F to C; 

!• - and widi the esctent (tf the givm hypodieanfe A C. upon C as a^ 

^>8' 43* center, de&ribe an aich } it wilt inteifed the liae dmwa perpeo- 

dicolar to C P in the point A» then will A G F be the triangle le- 

quired. 

Caff 6. Ci^Mk the bafe A F, and the perpendioolar C F, to 
find the hypothende and the angles. 

Here v#e have Vffo fides, and the kdndcd an|^ S^eai there* 
fore hy Cdfe i. Pr^b. c. nuke a right anglie is at F^ thea ftt o|i 
the given bale from P to A, and perpendicular horn Fto C^ 
draw the line A C^ and the trismg^ wiH he compleated. 

It ihay now be pre(iuned» tint tlw reader, l^ « due attentiofli 
to what has been &id, may be able to conftm^ any triangle whea 
one fide, and any other two parts ace pven^ and it would be 
needlefs to give any more tzamples^ as we fludi have oc«afion to 
fhew in another pkoe, how to perform what has been done here 
gfontetriically , by aritbnetical caicnbtiop : We Audi therefore mi« 
der this head miAf ibtjoin the foflowiiu; theorem, ^hich ilioi^ 
be Wett undedtood, and cacefbUy attended to, «rak 

THEOREM. 

In a right angled triang^le, any fide may be m:tde tlhe<tak}iQ9 <^ 
a circle, and die other fides may be found, by being confited 
as fines, tangents, or fecants of the oblique angles. 

Fig. 41. Otfe I. If the hypothenufe A C is made nuUtts, thetdfe A F 
will be the fine, and the peipendtcolar OF the fine complement 
of the angle at C. 

*. G;/^ 2. If the baie A F is ma4e ladios, the hvpoibeniife Will 

^"^ 'he the fecant complement) and the perpen4icoltf the ttti|^ 
complement oi the aqgte at C. 

F'<r ±9 ^ I* ^ ^^ peipendicular CT is ofiade radios, the fajrpoilM. 

^'^' ^^' nufe Will be the limnt, and tSie l^e^be tan|iei|t <tf ihe angl^ 
atC. 
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c.fi:-:«j //.*! .;.s *E. .G T,. . j:r. ,. 

. #? "■• '••• : . • f : 

' - ■ 'Conjir,t0ion of S^adrilateral Ftguns, &c. 

\ ^amdiea Sjtmre nvbofeSidi fiall be tife given Line C IX , ^^^^* 

Tr T P O N one end of the line as D, cred: a perpendicular ; fet F^g* 9» 
\j} oiF *e giWn fide C D fitom D toB j upon B and: C, as 
Cemers J wkh ifie'iame extent, deferibe two avdiea^ interie^ng 
each other In A; and draw the Unes.A G, A B; then /will 
A B C! D be a geometrical fqpMe^ all the fides and angles bping 
equal; ... ? 

pRaB. 11. . . 

To mah a ^iwtmvkiC^ ^f^ MP}^ the ^vben t,ine JS P", and 
...i •-. • * fkf^m^ S^^^re€f», '.,/' . •' 

Firft'make thcrangte at E <o degrees 5 make'E O and E F e- pj^ ^ . 
<)ual ; tben with die extent £ JF*, deicribe an acch from the cen- ^' ' 
tcr F, and ano'ther iroinl the center G, interfering the:lbnnBr inlH, * j- - 
and draw the lines G If; H F; then will E P H G be the ^om*> 
bu^re^uired^ • ' ^ '■• - 

P R O R III. 

• H^fh tzoa psaen SisUs, as JK 4fdK L, to maie a Re^angle. 

Ere£ta perpendicular at Kj and fet ofFtfie two given fides to pig. |,^ 
]( and L; 1 froth I, as a cefhtef, iirith the extent K L, defd-ibe art 
archs and with the extent IK, from L as a center; defcribe a- 
Dother arch to interfedt theTormer' in M; dra^ th^linei I M,* 

L Mt and the ^edtangle lyill be compleatid. . , ' > 

i'*> it.*.; . • 

; . p R o B. ty. : ' ' 

To Make a RbonAoides ivhofe Sides N Q^O % and the Angle at 

O are given. 

i^Make.^e angle at O^ and fet off the given fides to N and Q|$ Fig. la. 
" ^ H with 
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j2 CONSTRUCTION OF Chap. IV. 

Plate with the radius O Q» from N as a center, deicribe all tfch; then 
I- with the extent O N^ from Q ai a center, deicribe another arch 

Fig- ". to intcrfea: the former in P j draw the lines N P» P Q, and the 
rhomboides will be made ; and if from the points N and P, be 
let fall perMndicidars to. the pointi n and P; die ftdangfe 
NnPp wul be equal to the rhomboides N O P Q. 

P R B. V. 

To defcrihe a regular Pofygoh^ bavikg the Length and Number of 

Sittes'pwn^ 

This IS b e£Fe<ft» the farne with Cafe /^. Prob. ^.o£ th^ pr^ 
ceding fedion, for every regular polygon may be i^£:nbed in a 
circle, and if there b^.a radius drawn to every angle of the poly- 
gon> it will contain as nunytf-iangl^ as it has fides; ib that if 
36o» the number of degrees in a circle, be divided by the num- 
ber of iideS) the quotient will \jc the angle at the center; and If 
th^t ift iUbtraded from i8o degrees^ the remainder will be the 
Aim of bodh thie'angles at the b^fe« which is die fideof tbe po^ 
Ivgon I and becaufe* die triangles have two of their fides equal, 
tiie ahgTea at die bafe will alio be equjil ^ fo that in ^very triangle 

^^ wc have one<fide, and all the angles given» 

^%* ^4* ,. Xet tf ^ be the fide of a hexagon, then 360 -?• 6 =s 60, and 
i8o-f 6ors(i2o, the fum pf the angles at 4 and ^^ therefore-each 
angle will be 60 degrees: Make therefore at a. and at ^an angle 
of 60 degrees, ana produce the lines till, they meet; tram tne 
point of their interfe^ion^defcribe a circle thro' a and A; the di« 
ftance from ^ to ^ will divide the circumference into fix equal 
parts, and when the chords are drawn to theft points, .we uuM 
have the hexagon required. Here the angles at the bafe are 
the fame with die angle ai tjhe center; confequendy a polygon 
of 6 fides confifls of a$^ many icquilateral triangles ; biir as alt 
9ther polygcMis confift of as many ifofceles triangtes as they have 
fides; and the angle; :at the ceqfer/ and circumference may be 
eafily found by the foregoing' method ; there can be no diffieuhy 
in conflruding them, as diere is np, n^rc required^ but to find 
the ceater of a circle whicU fhatl pafs diro'' the extremides of the 
given fide. 
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Sect: 11. ^ GEOMErRtCjtL FIGURES. 55 

' PR B. VI I^; 

/•' v> To dejcfibe an EUipfis^ .. , 

An cUipfis Is a figure dbntarhed iinder 6iicf cjftf ♦te 'fitie, c^Red 
the periohery, but aifftrs froin a circle; fo^ iiT there be tivo dia- 
meters arawn in a circle at right, angles to one another, thej> 
mufl be of equal lengths, and all points^ in the circumference arc 
equally didant from the center 1 but, the ellipfis has two.diaroer 
ters of different leii^hs, at right an;gle8 to each oA^r, T S the long- p. 
eft, is called the tcjipfverfe diameter, and C £ the (horteft, the con-.^ *^' ^^^ 
jugate diameter 5 fo that the circle is, as it were, flattehed one way, 
and the radius T k reduced to x € s= x £| tod if stU the fines in 
the femicircle are ihortened in thfe f^me jproportion, they will 
give the points through which the fenii-JJeriphery of the ellipfis 
fliuft pais : In order to .perform' this, ^niakc the radius, or half 
the tranfverfc diameter T x = at E, \ fidfr, and x E half the 
cxmjagate dianiisLter s=$ F/G th^ b>^ of a triangle x F G; 
]&om the drcumi^ence pf ^e'^drcumfcribing circle, draw ie-, 
veral lines, as ^r^Xj^^j.i'i pj^rpendicular to the tranfverfc diameter; 
transfer thofe fines to the/ fide a: F of the triangle, viz. make 
xz=intj xysszmj, G^^. draw z h and j^ g parallel to the bafc 
F G, transfer the exteiii z b frdm « to /^/ and the extent y g hoitt 
m to Cy then will /^ and in the lines n t^m 5, be two points 
thro' which the fcmi-jpcriphery muft pafs 5 and if more lines arc 
transferred fi-om the lemicircle to the fide x F; vrt may by the 
foregoing method find a fufficient number pf points, thro* which 
the femi-periphery may eafily be drawn. ' 

If with thje extent T at -= S jc , half the transverfe diameter, 
and fiom the centers C or E,^ the extremities erf" the conjugate 
diameter^ two arches are defcribed, they will interfed the tranf- 
verfe diameter in the points F, /) each of which is called the focus 
of the ellipfis 2 and it firom any point itt the; periphery a line be 
drawn to each of thefe points, the fiira of thbfe lines will always 
be equal to the tranfverlc diameter, viz. F a ^fd*^ F h +/ b 
===FC+/C=s:FD+///«F^+/^d*TS5 and this being 
the peculiar property of die ellipfis, any number of points may 
be found by the following method. 

Having found .the two fbcil points' F,^ as before, with any 
extent of the compafies, fo it be left than the tranfverfc diametes^ 

H2 as 
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54 MEN SU RATJO N OP Chap. IV, 

Flatk as T t\ from the focus F defcribe an arch ; and with the extent 
!• S iy the remaining part of the tntniwrfe diameter, defcribe ano- 

Pig* 45- thcr arch to interfedt the former in the point a, which will be in 
the periphery of the ellipfis; in the iame manner you may find as 
ifaahy points as you pleafe. * • ! ' « • ' 

From what has hetiat faid Jt.is plain, that if thiere be a thread 
equal in. length to the tranfverfe diameter, faftex^d to two pins 
one In each focus; and if a pencH, or any other convenient in* 
ftrument be. moved round within the thread, fo as to keep it at 
its fiill exteitf, it will defcribe the true periphery of the ellipfis •, 
and if both ends ofithe thread b^ ^e^ at the center, it will 
defcribe a circle ; fo that this figure may, properly be (kid to have 
two centers>. wheiea« ^ circle Has but one. 

PR OB. VIL 

To tnake Circle et^ial to a gheh E^^s. 

Find a mean proportional between the tranfvefie, a<id eoi9«^;at)0 
diameters iy Prop. 17. Cbop. 3. and this will be llie diameter of 
the circle required* 



S E OX HI. ^ 



Of Menfuratkn ef plain Surfacet* . 

HA V N I G in the j^eceding fe£kions ihewn the. bonftruc* 
tion'of plain geometrical figures^ ana the method of re- 
ducing thoiie tlut are oblique angled^ to mght angled one's of e- 
qual iurfac& ; we Oiall now brieily ^ew how to nieafure. tho(e 
furfaces, or the whde fpaces contained .within the circumfcrib- 

ing fides. : ' * • '..•..;'! 

' Thefe fpaces are i^ktoys eftimated> ip icpar^of fome afEgned 
^imenfiotis, -as. indhc?, : feet» y^^d^ ^c *afi4 ^t^"°^fe?' ^^ ^^^ 
fquares contaified iB^ady %ure^ is xalled ^ts ^ea 9« 'fiipe^^ial 
content. • 4 . » 

Now as a fquare has four, right angl(e|s It will, necei&rlly f()U 
low, that all figjttrfs Ynaft^be >Fe4u9ed to rigly laogled. ones bel 
£>re tliey iian be meafuf^d , geon^qtricajlyj, fo. t](iat. the whole* of 

^ ' ' ' fttpc^^ 
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fiipeificiali^inearure may^be faid to donfiil in: finding ihcisMk qCPiatx!! 
a fquare or M£ha]|(lt| in order to wluch, let ui'fiippofe axaSn ^I«< 
as^ tfs^ i^r i// to be icMtie inch broad; it is plfdn it will coo-t^^* 44^ 
tain as many fquare inches as it is inchos iiH kn||lih) whiq^ m 
this cafe is if , and the re&angle may :be cut iir ii 2 i^pare inches^ 
bdtaf it werreany brooder^ and of the fame lexigtb^ it would contain 
la times as (nany i<)ttare inches aiB thei« are: inches id breadth ^ 
ibihe fi|«aBe ABCD, of isincbei long, and 12 inches br^Qta^ 
Will contain. 144 iquare inches^ whidi is the asea of a fuperficial 
foot, or fquare whofe fid^ is one fbot^ hence the foUowing.flilfi9 
will appear very. plain. 1 f[ o '• :t * 

To find ibe^Are^ rfa Square orBeSU^i^^ tbt Leifg^ aUl R'wdth 

. heingimcM. •. , . . ■ i 

' Hul^: Multiply tKekngthhyiHc b'fwdth, the'produ'a.f? t^ 
iirca^ this^willadrnk of twocjifo '. ^ y..^ 

Cafe I. If the length and breadth" are taken by ode kmd o£ 
sneamre; as if there is a redangle 48 inches long, and 24 inchest 
broad; then 48 x 24 s: J152 .ifaodrdi ih f(]tiare inches. If the 
length and breadth are, taken in fec^t^ th^ area ^1 IrkewKe be in 
feet; the like m^y be iaid of yard&; rocls, fifr. 

; r^ 2. If the lei^i istakenla oneidnil, and tito hf eaBtk in ? r r : 

anbtfaer kindrof meafure; as fisppofea plank ^Po &et long^ andl 

.9 inches broad whofe area is ftquired» 

, Bale.. Moldply the lengiiLby4heil9readiii,-M](iditidi the pro» 

dttdt by ii2f the qimiant'wiU H thearta. -cl^ ui^\sit iib| ^uul 

I^o^««iti5iittheafeaa^oli«d.r ^*i'^ J • ' - 

.'. The reafon of dividing tftke piodiid |b^ 9i4f ^bviteib^ for i| 

the breadth were 9 &et, d>e area wotikl be i^c^ feet $ in this -cafe 

the nnuhipUer (9) is ifeer; wheceas in the Mber it k l>tft \ht t2thi ' ^ 

part of 9it0t, 4ttid of cenletHiencetlk^^fifift th(» 

I2tth part of the kfls, 4fffi^«|eMlbrftilhtMl 4e di^kled dy^ i^> «mtl 

the quotient will be the true produd, wkidviin^this^r^wiirbtf 

lefs than the multiplicand, becaufe^the tnultiplier is a fradion^ 

viz. TT and 20 x tV=='^° =^ip S^& have been the longer 

^upon this heady bec^uie we &alj^^^^^^^^ ^/imother fdace 

to mention the l&eafurin^ of plank'; for it is always accounted 

as aft'^^ng f4BirVt&i'^^^i^^^ ^^ 

in 
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56 ME 'N-SU,R J7J0 H OP Chap. Uli 

Ft ATI in the middle, which ivill be. ctadly true when both edge* of 
!• the pltnk are ftreight^ as in Fig 1 1, Plate i * the trape^um -nopt 
Fig. II. ss the pantllelf^nuii { iC M L, liMTthe triangle r « M » triangle 
r 1 0s hence in meafisring plank. 

I : length In feet. : ; breadth in feet : l 
12 : length in ieet 1: : breadtbt in inches : ^jireainfeet 
144 : length ifr ifitchei : :- breadth in ioche* : 3 . 
.ot'fiiM n^y ^beealUyf apfiUed Ui> all «rtj^cers woHcs, at wainfcot. 
mgt p9yi|i^4i^^»v9;.;.:|leiigd» inlEb^t.^ breadth in feet : area in 
J9ti$^r'.vi '.J isJrt- *..-' .":^.; ' •' ;'-: ';•-. ---^ :■.: ■ 

;v/--rtr;o • .'• :'^ P'R ©-B."' ' H; '' ' ^ • ' ' - 

....,,. ^,- ^0 Jini' &e ^e'a of xi triangle, 

Rak. Multiply the bgfe by half the perpendicular, (let fall 
Fig. i^ from one one of the angles to the oppofite fide) the'produdl will 
be the arta rliqtii'red, M iii the triangle D EF>. IcSt D Fhe 40 &et, 
and die perpendicular £M be 18 ftet'i the 'half ^f which is 9, 
the 40 X 9 SB 360 the area in fee% ss 2b x 18, and 360 -h- 9=5 
40 the area in yards. J 

"p.:k<QB.;. ■JII-^'. "...;.■ - 

^ofind the ^ea of a Trapezium. 

^%* 45* . '• If tl^^ trabe^tute has twalides paraliel ; as mny\s /, let £11 

(lie peq)end]cular / r, and multiply it by half the fum of both the 

parallel fides ; the prodadt will oe the area. 

r.Note^ Wejuj^pofe the arch st tobtfo fimll, that it may be 

accounted a ri^ht line; theo the paraUeli^ram av? nrt^ triangle 

s r t :sz trapezium mn s t^ and the parallelogram's area :s3ir tx 

{H t) half the fum^bf nt^^-mr^ and the triangular area =: r / 4. r j. 

z. If hone of the fides are parallels, as B C» D A^ divide the 

^* '3* given trapezium into two triangles, by drawing the diagonal B D» 

and draw the jperpendicolafs A x^ ana C ;?; . then multiply the di«- 

$gond by bait the fum of the X^o pei^ndiculars; the product 

wiU bo the Mfa required ' 

PRO B. IH. 

To find the Area of em irregular Folygm^ 

%• IS- RiJe, Reduce .the ^pokrgon (a« ABC PJB F G) mtolriai^Ie^ 

(as 
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Sect.III. plain surface S. S7 

(^ ABG, BGFi BFC, FCE, and CDE)j find the areas 
of thofe triangles, apd add them together} the fum will be die 
area of the whole trapezium* 

P ROB. V/ 

Tajlniffbe Area of a tegular Pofygon. 

Ix is evident diat^the area t)f everf regular pblygdh is eqiiaf ^ 
tbe fom of tieie areas^ of as many ifofteles triangl^'at it conta}n$^ 
fides, and that a perpendicular let fall from the celiter to aily fide, 
wottldbe the radius of die inferilby^ circle ; the area of the wholes 
polygon^may therefore be ibund t^ the following rate, viz^ 
. Muitiply the fuM of aH the fL6k^%fhA$ the tadius of ^e \ii^^ 
feribed circle, or >«he radius by Wf thi fuaa of the $des; the< 
produdwilKt^ the aria requiredv '^!- ; ^ 
^ By this ride^ it will be eafy to^find the at^a of any regular po- 
lygon, when the fide, and the radios Of the infcrited circle are 
bom given > But as it fometimes happens thai only the. i}de» 'and 
iimetmiin only the tadrais of the qirete can be pt^Stically iMtifur*- 
ed^ wt fl^ir kty down the proportions they bear to oneanotber' 
itt moikpS the i%wes that occur tn ptia Aice^ which are (calculated 
to a iufEcient exadnefs ih inoft C2$t^ vm^^ . 

the Proportion that the. Sides hi/fr t^. the J^i of the inJmheS 

Grcles. 

Equilateral triiingTe ' as x tb a • iffS 

Pentagon or polygon of 5 fides ' o .. 688 

Hexagon : .. . 6 o • 866 

; Heptagon. . 7 ...'.*• «>3^ 

. Oiflagon X. . I • ^^7 

Nonagott . . .* - ^' ^ : . 1 l - 3?^* 

Decagon IQ- i • 538* 

Undccagow Pf - r . 703? 

Duodcca^on 12 t ^ 866 

W9. n^all g^ye ppe example under this Head,, which we thmfe 
Will be fiiffitient.* ; * ■ \. * . / v 

f * 
Required tie Area ^ an OHaggn ncBofe SfJe is 24. 

At p ; 1 . 207 : : ^4 : adi> 968^ the radws of the ii>(cribedcirclbv 
24 X 8 s= jozss ium of the fides* 

Theft 
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5^ MEN^S.UJBI.A'^JON OP Qf ap. IV. 

Platb , TJbea nupltbl^ , srSl.p68 fb)r 5|6. s^ |ial^ t^ fqp5r,<rf the jfvdcs ,- 
I- ajiith«pc9duiix-my[jbA.j7^ ;.}•.• 

,1. . ., J L «. .. -1 - i.' . ;•,- 

PRO B. VI. * 

Tojfifui. the Are^f, of a Circk, . -^, ^- ^^ 

QU(|^bfs[rpfirai|^4K((^ ^ledrcumffsrAPSP Vvll b«-fi<^ lottbc Tmdi 
q{„a^ tbe, fi4«l^; If th^. then b^ inaltiplied by:haU; fehD i radius, 
theffpdiiitt'WiU be "^e area, the iame ,aa ifk were ^.polj^n.; 
but b(^>ee,thM can be dofte^ ^e* circatafy^noa mu^ faci^^und^ 
by jiivto{%kdu^^ tk^ pro^ortsorv' i| bear$ to. the 4ia(Deter> which 
ha$:b^en .calcillatedilQ gr^afi ^TE^tAmfs by .(cM^ral ^minlKnt mathe- 
matiaans, and is univerfklly allQWed to be as- 1 is.lo ivi4t592a 
&.c^ inipm^ice, 'as i to 3/1416 ; hence the axea of a drcle vcuf> 
be found by the follow^ rul(, viz, . . • 
i Mifltiply the diaqsetfi^by ^^tl^i6i and the pcodo^ w^lt>eitfte 
circumlfrence $ this ag^ mnlt}pl«<i by ^^^f .0e di;uo9t«r. (whiehr 
is the fiuBo aS' hdi. tSw xt^im^yfiW giv^r the^ artev-t^hic&i will h& 
the Ajne.a&^ the diametier be fquared« arid 4he 4: of the .pErodu^ 
multiplied by 3.1416, a^ will appear. by the following: 

■-■=■*- '\ ■• .: -E /X'" -A" -M'- P .■:!.■ -E. '•'■■• '. - ■ 
JVbat is the Area of a Circle 'wbofe Diameter, is izS. 

\ 128 x*3. 1416 = 402,1248; then 7 diameter 32 x 402.1248 

s= 12867.9936; the area required: = 128 x 32 x 3.1416} 
for wh^ fe^reral numbers are to be multiplied into, one a* 
nother; k wfll be indifferent in what order the operations ire 
performed ; but if inftead of 32 we take "t*, which is teqiial to it, 

and multiply the diameter by this fraction, it Mdll be ^ ' ■ ' ^ ■ — 

4 , 
the. fquare of the , diapieter 16384 divided by 4 =a 4096, . aU 

fo ii^^ii 3^ = 4<!>9^,' and 4^6 x 3. 141 6 = 128167.99^6, the 
^ea as before; now becaufe 4 will always be a divifoc'/and 3.1416^ 
a multiplier;, we .may. take 4- of 3*i4i6, which is 7854, for a 
niultiplier, and then there will be no occafion for a divifor; and 
the uoLGf. any circle, will be isnad by ]!&ultiplying.the fqtiare of 

; . -•: . .( u , the 
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StCT, m. P LAIN: $VR FACES. 5^ 

tbe 4iiU'i€tarb]r .7S54, and the ^odi}<^ wiU be the area 1 28 »c 1 28 Plata 
s=s i^^84 the iquare pf the cUameter^ ajKl 16^84 ,x .7854 ss U 
12867.9936 the area as before : Hence the areas of circles will 
be in the lanie proportion as the fquares of thek diameters : And 
hecaufe' the fij^iiare of i ,i$ j, the area of a circle, whofe dlame-- 
will fee .7854; or, if the circum^enpe, which, is ;3.i4i6, l?c 
multiplied by a t of the diameter (1) or ,25, it .will give .7854. 
the arear a$ befbre. . . 

PRO B. VII. 

TofndtheAnaof aSeSlor^ 

Ruk^ J^md the area of the whole circle ; then fey, as 360^ the 
de^ets contaned ia the whole circumference ; are to the area of 
the whole drde ^ ft) is the number of degrees contained in anj^Fig. 30* 
Irch^ w AD&tothcareaof thefedotACBA < 

Pit OB. VIH. 

n^oJindtbejireAof the Segment of aCirck^as Abli\>. 

Rule. Find the are* of the triahgle made.by the radiii A C, B C^ 
and the chord A B, which ftibtra£t from the area of the fe^or 
AC BDj; the remainder will be the area of the iegment A ^ B D^ 
/ But it often happens that we have the 'fegment of (b large a> 
circle, that a finatt port of the circumference may be taken for a 
right Jine; and when the plane wiU not contain the radius, it' 
will be difficult to know whether the curve be an ardi of a circle, 
or of an cllipfe^ or it may be neither s for as the per^hery^ of the 
cllipfis fiiUs withb that of the oiccle, fa these may fevenJ curyes^ 
fall between them, or witHin the ellipfis, which mathematicians 
have given no rules to invefligate. In fuch cafes, we prefbme the 
foUowmg method may dp for pradice, and be pretty near the 
truth ia.moft cafes. 

Draw fevcral lines perptndicular to die chord, or right Kne, as 
T S, at equahdiftances from one another; fuppofe i foot. Thefe 
will divide the whole furface, whether it be the fegment of acir^^^B^ +5* 
de, or of any other curve, into as many trapezia, lefs one,, as 
^btre are perpendiculars, and two right angled triangles beiides y, 
now the areas of all thefe added togetixcr^ will give the asea o£ 

I the 
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to- MM N&V RJriO l^if CiiAP. IV. 

Plate thetvltolfi fegmfrnt; and as eWry one of U^ tf%pl(tsii have two 
I* parallet fide^^ and evety poirpendiciila? is >a fide td tWo tfapefeia; > 
or to a trapezium and a triangle; the fum of all the perpendiai- 
lars multiplied by the diftance between each^ will be the area of 

p. the whole ; and if the diftance be i ibot, the fum of all the per-- 
*S' ^5* p^jj^ji^uj^s raeafured iniect, will be the area in feet of the wnole^ 
fpace contained wkhin the right line and curve-. 

But as one fide of every trapezium is a curve ; If this fide (hould* 
differ perceptibly from a right line, draw a chord to it^ which 
will cut off a fmall fegmeot i in which^ if there be drawn other 
two chords to meet at the middle of the arch, we fhall have a 
triangle, the area of which muft be added to that of the trapezi- 
um; thefe fegments will begreateft at each end, if it be art arch 
of a circle, which may be reduced to two or more triangles ; but. 
there are fome curves that approach fo near a. right line at each* 
end, that a fins(ll part may be taken for fuch^ without apy fenfiblc, 
error. 

XoJindtbeJreaofdnElUpfa. ' # 

As every ellipfis is equal tp a circle, whofe diameter is a mean 
proportional betwixt the tranfverfe and coniugat9 diame^erst, and 
this is found by multiplying the tranfverfe diameter by the conj^'* 
gate, and CKtrading tne fquare root of the product ; (he iqufire 
of this mean diameter multiplied by .7854^ will be the. area o^ 
the ellipfis ; hence the following rule : 

Multiply the tranfverfe dimeter by the conjugate, japd that 
prpdua by .78^4^ the laft produa will lie the area required.. ^ ^ 

- "E X 'A IVf P L" •£;;'-• '■ '; 

Let the tranfverfe diameter be 48, and the conjugate 32. 

Then 48 x 32 = 1536, and 1536 x .7854 , . . . 

== r2o6.3744, area required. ^ . . • ., .t ..j / ,| 

It remains to be proved, .that the mean proportional' to ^he 
tranfverfe, and conjugate diameters, will be the diameter oJF ^ 
circle equal to the ellipfis; for which take the following. . 
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5scr. IIL SVLJDS; 6% 

DE MOK S T RAT I O N. I' 

- Let the ellipfis T C S E, be infcribed in a circle whofe dia- Fig. 45, 
meter is T S j then the area of the femidrcle will be equal to the 
fum of the areas of all the trapezia contained in it ; now the el^ 
lipfis contains the fame number, but (mailer trapezia, and the fum 
of their areas is the area of the femi- ellipfis ; therefore the area 
of a circle, is to the area of the ellipfis } as a trapezium in th^ 
femicircle, is to the fame trapezium m the femi-ellipfis ^ but a 
•trapezium in the femicircle is to a trapezium in the ellipfis, as the 
tranfverfe diameter is to the conjugate s by the conftrudion of the 
ellipfis I hence as the area of the circle : area ellipfis : : T S : C E^ 
and multiplying the two laft terms by T S, their produds will 
ftill be proportional to the two firft terms'; that is, as the area of 
the circle : area of the ellipfis : : T S xTS:CEx TS, but T$ 
X T S, is the fauare of the diameter of the circle, and CE x T S 
is the fquare or the mean proportionaU 

8 E C T- IV^ 

, Of Menfuration of Solids. 

ASoliil is that which has three dimenfions, mv^. kngtib, breadth^ 
and ^icknefs; and as the areas of all fiir£cces are eftrniafeed 
m iquares, JTo arc the contents of any folid eftimated in cubes. 

A cabe is a folid liteited by 6 equal fquare fitrfaces, like a die. _. ^ 
If the iide of the fquair be i inch, foot, yard, Qc. the fide of the *** ^ 
cube will be die iame } and the ^lid is iaid to b$ a cubic inch, 
foot, w yard. 

A'parallelofnpedon is limited by two pandld aikl equal fqaares^ 
called its baies, and four redangles for its fides, wfanrh may be 
called the heighth or length, and if they are perpendicular to the 
baies^it is a right one y but when tlie fides are oblique. to the bafes, 
then it 'is an oblique parallelopipedon } the like may be faid of the 
following figurfcs, •- 

A prifm is limited by two parallel and equal polygons for its Fig. 4^^ 
bales, and as many refbngles as the polygon has fides; if die 
bafes be triangles, it is called a triangular prifin, but if iquaies, 
iris a parallelopipedon, ^c. 

1 2 A 
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€t MENSURATION of CfiAP. tVL 

Plats A pyramid is a prlfm, taper*d to a point at the top ; it has but 
I. one bale, whicli is a polygon^ and as'niany ifofcelte triangles as 

Fig. 48. the polygon has fides, meeting at the top, which is called the vertex; 
it is exa^y one third part of a prifm of the fame bafe and zU 
titude. 

p. ■ A cylinder has two equal and parallel circles for its bafes, and 

^' ^^'the fpace betwixt them is limited by one curve fiirface. It one 

iide of a redangle be fixed as an axis, the oppofite fide moved 

round,, will defcribe the curve fujperficies, and the other two fides 

will defcribe the bales; of this form is a rolling flone. 

Fig. 50. A cone is, in refpedt of a cylinder, what a pyramid is in refpeft of 
a prifm, aad is exaftly one third of a cylinder of the fame bafe 
and altitude ; it ha$ but one bafe, which is a circle, and tkpers to a 
point at .the top^ called its vertek, like a fugar loaf. If the per- 
pendicular of a right angled triangle be fixed imnioveably as an 
axis, the hypothenufe, turned round, will defcribe the curve fur-^^ 
£ice, and the bafe of the triangle will defcribe the circular bafe of 
a cone. * 

A fphere or globe, is a folid contained under one curve fiirface, 
every part of which is equally difiant firom one point, called its 
center, and may be formed by the revolution of a femicirde round 
the diameter. It is exa<5ily two thirds of a cylinder, whofe alti- 
tude and diameter of its bafe iare equal to (hat of the globe. 
t'Mn order to find die contents of theie regalar folids, let us ex- 
amine how they may be compofed ; and if we may not be allow- 
ed to fay, that a great many plain furfaces of one inch fquare^ 
and infinitely thin, laid upon one another, !V?iU (pQnAitate a cubic 
inch, becau&: the {urn ot ever fo n^any cyphers will not make 
pne unit, yet it is very .pWa, that if fev^ral. di$is,^pr cujbes of pn^ 
inch, be laid upon one another, they will compofe a paraltelopi^ 
pedon, containing as many^cubig inches as it is' inches in heigkth; 
but if the heighth be only one inch, the folid will contain jud a$ 
many cubic inches as the bafe contains fuperfipiaL If the fide of 
iht bafe be >i2 inches, the area will be 144, ^nd it is plain it wil^ 
take* 144 cubic inches to coyer thk b^fe. . It will require 12 iuch 
fquares of one inch high to compleat the cube, fo that a cubiif 
; Ibot will contain 1728 cubici inches, that is 1 44 x 12 s hence the 
following rules may i>e deduced. 

^ . .PR pi 
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tecT. IV., SO ^.>D S, A iSj 

■■' :. '.Jj.- nj-.:i:....: ..j-.v. ....r.::, •- .- P^y*. 

P R O B. rl, . : ; ... }' 

T9 fad ibe foUS Corifent of a Cuie^ ' "ParaMo^pedon^ Pf'ijm, or 
• • • • , , Qylind«r, . - 

, - .IRxde^ Find the asea of thebaib by the problems in theprecedoig 
ie£Uon, which muhqtlied bj^itfaepecpendiciilar di£btnce betwixt the 
bafes, gives the folid content in thci&m&kind of meafure as the 
diinenfion$ are taken* Or multiply the length, breadth and thick- 
nefs (all taken by one kind of meafare) Into one -another; the 
produjft is the.content in cubes of tKe fame meafure; hence i r . 
area txife : i length^^ : ciontjentr or i t^lcfngth ; : depth x broidth : ' 

content ' ' •'• '-• • •• '-.--'-■ J • 

•■••" "\ ''■■-■' ■■■'P"-R=OB;" ■ H; ■■' :• " •"■'' 

^9 ftiid the jbUd Confrtrt if a Pyramid, 9r Gme* 

Rule, MuldjJy the ai^ of jdv^ hafe |q^ 4- <^ the height ; the 
produd is the content 3 ': area baw : : heighth : content. 

'•■ ■■ •»■••■ '. ' ^ ,• ■■ ^ • • ■■ • .■ ■; .■•/.,•:. ■? 
p R o B, in. 

TofttdtbtfiUdCotttetttipfttGhh. 

X»/<f 1. Find the area of a circle* ^bfe dkmetcr js' ^^ tb 
that of the gl<Ac ' ' F>8-«*5 

R^k 2.' Multiply the area by double ^e diameter^ aiH dividb 
^he produd by 3 ; the quotient is ^e content of 'the globe. ' 3 : 
ttrea. circle x '2 : : diaiheter of the globe : content. 1 • , 



,: . . .. . P ROB. .IV.: V 

'*roffid tbi fiUdCvtetent xf^ ihe\Fr^ftumjof. 4 Pyr^md^^Cine,., 

. « . * ' • . * . 

N&te. If cithorof theft be cut, by a plane, parallel to thqbafc^ 
jh^ top cut o|f^. >yUl.,b€^ a pyramid or :Cone, and the remaining 
part its £^um,, which ,wn\)^vft ' t^o hales 5 the ; fmal| one fc 
djat pf the cone' pr pyrarijijI^QUt'o^; thc\great oqcf, is the bale 
of tte whole cone or pyrarhii' before it is cut :* rience, if we cah 
Jfind the conteot of iach^ and fublraa the lefler from the grea^ 
tcr, the reminder is the content ,of the, firuftuni j fb all that ife 
wa^ifing. is tp i&pdi the, ^^pj^tli pf .?^ph, and to do this^: . ' /' ?• ' 
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ti MENSURATION i>f Chap. IV. 

Pla^k tfi. Subtra£fc 4 the diameter of the leaft from 4- the diameter 
I. of the greatcft bafe : then : ': 

2dfy. Multiply the perpendicular diftance betwixt the baies by 
i the diameter of the greateft bafe. 

xdlr. Divide this produft by the difference of half the bafes, 
tnd dbe qootient is the heighth of die whole cone bbfbre it is tut, 
'af)d fubtmifting the ttiftance betwixttthi bafics 'irom.this, muc have 
the hcighth of the cone cut off/ 

• ' ' ' ' > .• * • . . ) 

DEMONSTRATION. 

^' ^^ . Let>f tnAC bctI?Qfhift«m j cjraw ihcpwi^ncJiaiW x « j the line 
Cm is the difference of half the bafes, and die triangles m C^ and 

/ C X are fimilar j therefore Csimszy.Gt Ux^ and — ^ - ' =/Xy 

but / X is-th^ heighth of the coac} therefore mj the heighth of 
tlje fruAunj* . 

^ofind the folid Content of irregular Solids^ which are limited fy 
feveraVairoe akdfiain Surfaces. 

To do this, 'let the^folid1)e%>poifed Xoht o ^ ' ^ anes, 
(fiaralLel to the bafe^, and at oae -^opt^ ^or inch tone 

•- . ' another. Every fe£tion will form two equal p JIalf 

the ium of all the '^eai^ including the arfa$. wiU 

nearly be the content in feet or inches^ but* is no 

plain fur&ces parallel to one another^ let two 'finall parts be cut 
off, which may be meafured as parts of a gIobe» cone or pyramid* 

In all the foregoing problems. it. will be convenient to take the 
lengthy breadth and thidcnefs, in the fame kind of meafure in 
which the c:dfttent is Required ; bik Vtry often it liappitas that the 
content is required in feet, and the length given in teet i but the 
breadth and thicknefs in inches, <^r partly m fott^ and partly in 
inches i, ^s in, tin :a(es,.fiji:.;Thc value of tinroer is eft. 

timatcd by the Ic :t, ahd .tKe; ^ieightr of bakes, &c* is 

-J)y the tun of 4c 1 of OUr' readers as are tiot vr&X ac- 

quainted in decir multiplication, hiay reduce the feet 

into inches, fo firft find the content in inches, this divided by 
1728, gives die content in fe^t ; and to render this method as ufe- 
fii -and expeditious as |>dflibl6, we ' have fobjohied thfie>table^ : 

the 
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mfr.^M:. 



zA^l^i'X^i'AriW 



the firft is for divldbg a number by 1728 ; the odier two for find- 
ing the value of a reipaincler| an^^may be. of ufe in dividing by 
144, or by 12 J and tho"moft of our readers may be prefumed to 
have the \&^ |able b^y. hear^. yet nji ail may no^ we choofe to 



te 



iniortk. 



•.) r. 

n. .TaBIEII. 

' X - 1728 

2 - 3456 

3- - f 584 
4 - O912 

6 - 10368 

7 - #«d96 
' 8 - i38»4 

9 -^ '555* 



T4.B1.* «. 



2 - 

3 - 

4 - 



144 
288 

43* 
576 

720 

864- 



7 - iiaoS! 
' - 1 152 

9 - 1296 

JO- 1440 

'ii.t- 158X 

12 -• i72;8' 



Table 5..' 



. I - 

2 - 

3 - 

4 - 

5 ' 

6 - 

t: 

9 ' 

JO: c 

til - 
12 W 



12 
24 

48 

6q 

84 
108 

«44 



K 



P L E, 



; • . ._ E..3t. A M 

Roipired' thrcpnient of a cafe : 

Lbb^ ^ &et c ipcb^, . «r .89^.in^^f > i>i!^th 2^et'5 inc^ 
cr 41 kKJbes ; 2 net> jp. inftl^es^ ,f)r 2.9 inches 4epth. ^ , 

, Noar']^ X 41 ^ 2^ :»=. 11915821, an4 wh/^n U^ia ^i^CQ b)r 
1728, the qiiDtient will be di feet, an4 413 remaining j to fin4 
|ne. value ofthis^loolcfor it, or the pumber next le& in the fecond 
taUe, whflch is 288.1. a^v^ whift^ is f ,.^. that i$ A of ! a, ^ubic 
feet, nhifc^ are called- inches); i^g^ajthpce will be.^teipainderof 
125; the ncact nnmber l^.jn. tl)^.(^5ltital}le is, i20,Va|;ai9(| 
winch -is. Jo, that is n of an. inc^« gind a remainder of 5^ which 
is 'tV of a of an inch ; ib the cpptent is j5 1 fsdi, 2 inches, 1 pri- 
mary parts, and 5 fecondary parts j all concUely expreCs'^. tnus^ 

• It muft be observed,, thvt hf ope inc^ is. underflood 144.017 
bic inches, being U)c isth part-pf ^. cul^iqf9Qf ; by one of the fim 
parts 12 cubic inches, and by onoiii th^laft partis underftood i 
cubic inch. , * 

But when the lei^th is giyen in; feet withput any odd inches, 
and the odaer V^a dimenfigns vf inches, the operation may be 
pcrfbrmedL vithout reducing the feet to inches j on}^ dif^iding^ by 
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jJfiT MBN^t^kkfiPN cf Cbap.IV. 

E X A M If L IE. 

What IS the content of a piece. oT timber 24 feet long, 18 
inches broad, and 14 inches oeep; 24 x 18 x 14 =: 6048, and 
6048 -r- 144 =: 42, the coffteiftt in ieet:> .ifttf the lame manner 
any other piece of fijuare timber may be kneafiired 9 but in prac« 
dee it is not always- required to find' the exacft <:oQteot8 of timber, 
for fometimes- the ooipputed isiefs^ and fomctimes more than the 
teal content. • . - . . . , - • :' 

It would be tery difficult t^ fiad-^thet exad. contents of a tree^ 
i)ut as it generally grows pretty near roluad and tapering, it will 
Ibe fomewhat like ^ finftunohof.a-cqpe;! ootwilthftanding which, 
it is meafured as if it were a paraBelc^ipedon, and to find the 
fquare bafe in^fome pbces, the ciFCumfi|rence of the tree is taken 
by girting it With a line prettj^ inear. thtf middle, and t of thb is . 
accounted thtf 4idc of ithe! fimre ;-now jt is plain that the area of 
fuch a fquare )^11 be abof d^ ^fs than t$e area of the circle, and 
she tree meafures fo much lejs thao the true^contents. 

In other places the ti-ee k hewed fomewhat in the form of an 
irregular pn^;n of four ^at fides and four round $ the bafe vnillx 
an oAagbn, contained tuxfer four equal chor^, dnd fbuf azches 
of circles, but in irie^Iminjg '^e tree the chords are fuppofed ta 
be broduced till thty meet, and fofrnfa'^uare-^ the area of this, 
Inuttiplied by the length, is accounted the content, tho' it is plain, 
the tree thus hewed, does hot contain near fo much, becauie there 
is wc(od wanting at the corners, thefe ae caHed wanes, * and the fke 
0des are called ftjpfiisji .bdQdes the tree niay be hewed in fuch 
a manner astoixi^e It c6nbih-int>fethkn^t contents of the 

tree, even if It were allowed ta be a c)rlinder, fo that there may be 
very great impofitibns on the pqrchafers} to prevent which, the 
government cohtra£t,that the tree fliall be hewed in fuch a sqannerj 
that what is to be called the fide of the fquare (hall bear a. certain 
proportidiT to the diaitieter of Aetrce, wkicfi may be eafily difeover- 
ed by the callipers j for if they be apptiid to the Wanes^ we have thd 
diameter of the tree, and if to t-he fiat^^ the.fide of the fqnare, or 
the thioknefs; now.becaufe the larger the wanes are, fo.mucb 
more will: ther tree ineafiire:; itniuft be^hewed fo that two wanes 
^diail not exceed one fqdare. ' What is meant by a wane ihould 
iikeWiie be exprefied^ for k is generally allowbd tabethe round 
• ^ part 
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S£Gr. IV. SOLIDS. 67 

part of the tree where the wood is wanting to compleat the fquarc,^ Pt a te 
or the chord of it, which tnay be taken with a pair of compafles,' !• 
as in Fig. 53. B £ is the wane, and is exadty half the fquare T B ; 
but in fome contrads the portions of the chords, which are pro-* 
daced without the circle to compleat the fquare, are called wanes,, 
as in Fig 52. D T = half T E. ^ 

It is very difiicult to hew. a tree exa(5tly to this ftandard, and 
very often the wanes are as big as the fquaces, as in Fig. 54. 
where the fquares divide the circumference into 8 equal parts ; by 
which means the content of the tree^ meafured as a parallelo-* 
pipedon, would be to the real content meafured as a cylinder,^ 
nearly 'as 34 142 to 31416.5 for which reafon, , before it is mpa- 
furcd, it muft be reduced to its proper thicknefs at the meafuring, 
place, which is nearly tlie oxiddle of the tree : For tlio 'all trees 
taper, and confequently are greater at the butt than the top end„ 
yet they are allowed to be cylinders, the diameters of which are 
taken at the middle. Bat there will be no occafion to hew tha 
tree, as the . proportion is known, which the thicknefs of the 
tree, when properly hewed, fhall bear to the whole diameter. Alt 
that is neceilary, is only to conftrud a line of equal parts^, which, 
fhall have the ^me proportion to a line of inches^ that the dia- 
meter of the tree has to this thicknefs. If the tree happens to be. 
thicker one way |han the other^, a mean proportional muft be 
found for the diameter. 

The conftradlionof a line of equal parts, that (hall have the fame 
]MX)portion to. a line of inches, that the diameter {hall have to the 
tnicknefs when the tree is hewed fo that the flat (hall be double 
the wane, will admit of two cafes. . . . 

Cafe I. When by the wanes aire underftobd the portions of the 
chords, produced without the. cbcle to compleat the fquare. 

1^. Ere<a a perpendicular at K, and from K to C fet off any 
number of inches, and from K to O double the lioe K C; thea^ig- 5^ 
draw the line C O, with which as radius^ from the center O, de-» 
fcribe a circler 

2d. Divide the line C O intathe fame number of equal parts- 
as the line O K contains inches > then VviU 21 4 of thofediviiL- 
ons be equal to 24 inches, very nearly i thiat is a tree whoie dia^ 
meter is 24 inches, will be 21 t inches thick when hewed « 
Now if this chords be produced, till they meet,* t^y ^^U form., 

K ' - .'*' a' 
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Plate a fquare : And it h ^cvy pkin that C O is half the diameter of the 
I- tree, and K O half the thfcknefs ; end becaufe the wane C D^ or 

Fig. 52. rts equal C K, is half the flat CB, the tree is poperly hewed ac** 
cording to the contract. Hence it is evident^ that when the tree is 
fo hewed, the diameter will contain as many equal parts of the 
line C O,. as the thicknefs taken upoi> the flat will contain inches^ 
Caje 2. When by the wanes are underftood the chords of the 
arches, or the round parts^ of the tree, where there is no wood 
taken off, as B E, D N, I G, F T ; and it be required to hew 
the tree ; fo that the flats T B, F I, G N, D E be double thofe 
wanes. • . . • . 

ijf. Make, an angle of 45 degrees, at the point B^ or which is 
the fame thing, an angle of 90 degrees at M ; and taking the point$ 
B and E, equally remote from M ; draw the line B E, and make 
B A and AT each rqual to B E ; fo fhall B T be double of B E. 
2d. Thro' the pc«nts T, B^ E, defcribe a circle ; and thro* the 
center C drawC A perpendicular to T B; fa will th&fl^tTB bef 
double the wane B^E, the line CB half the diameter of the tree,: 
and the line C A half the thicknefs: And if the line C 5 be di- 
vided into the fame number of equal parts, as the line CAcon-^ 
tains inches ; it is plain the diameter, wh<n^ meafuped on thi^ 
line, will contain as many equal parts of this, as the thickne(& 
contains inches. The fblbwihg example will iixflke to iltuilrate'' 
what has been i^id on. this head, 

EXAMPLE. 

Fig. 52. Let there be a piece of timber 20 feet long, and 24 inches dl* 
atnctcr, to be hewed fo "as ito malce the flats, according to Cafei. 
and let us filppofe that wbemthc tim.bcr is ferved in for meaiure-, 
ment, it is found, by applying the callipers to the flats, to be 22 4 
inches thick. Now to know if it be properly hewed, megfure the. 
diameter by a line graduated, as C O, which v^ill be found to be. 
nearly 21 i ;. which (hews there (hould be one inch more hewed 
off; and therefore 21 i ranft be taken for the fide of the fquare 
Ifzfc^ which will make the content in feet 64; &sc th« tbickneis. 
is not quite 21 1, it being only 2.1.466. 

Now 144 : iquare of the thicknefe in inches ^ : length in feet : 
cdAteht in feet! That is, 144 : 46o*7aoi:56 : ": 20 : 64.. 
'* The content may be found by 4kiealuring the diameter by a 

line 
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line of inches, for which the following proportion muA he ta*PLAT^ 
ke;p ; as 1 80 is to the fquare of the diameter in inches fo is the I* 
length in feet to the contents in feet; for 144 is to 180 as the 
iquare of the thicknefs to the fquare of the diameter, which 
may be thus proved: 144^-4=236, and 36 x 5 z= j8o, now i of Fig- 5^ 
the fquare of tlie thicknefs taken upon the fl«t, multiplied b^ 5. wiU 
be the Iquare of the diameter ; for the fquares of K 6, and K C 
both together, are equal to the fquare of O C, by Prop. 20. Chap. 
,g. but the iquare of K C is 7 of the fquare K O ; therefore iivp 
times the fquare of K C will be equal to the fquare of O C. In 
this example the fquare of the thicknefs is 460.789156, which 
is the fecond term in the proporrion, ^heto* 144 is the firft : But 
if ir of the fecond term be multiplied by 5, and that produft 
taken for the fecond lefm, 'it is cdrtain^ to prtfcrve the fame pro- 
portion ; that i of the iirft term muft likewife be multiplied by 5, 
and the produdt made the firft term. Now this is the very cafe hep«, 
when the fquare of tlbe diameter is taken for the fecond term ; 
'460.789156 -^ 4 = 1 1 5> 197289 ; this )^ 5 =5 p^*9^(>4-45 ; and 
,24 X 24 = 576 J then 180 : 576 : : .20 : 64 the cpntejit as be- 
fore; tho' it is plain this exceeds the real content, becaufe cif 
the wood that is warttiiig at the corners. It is even more than the 
whole tree would mealure, allowing it to be a cylinder of 24 
inches diameter; for the fquare of the diameter 576 x .7854 =^ 
.452.3904 the area of the hafe in inches.' Again, 144 : 452.3904 
: : 20 ; 62.8, the cortteht in feet. 

If it be contradied that the tree is to be hewed, as in Cafe 2. 
when the diameter 24 inches is applied to the line coi^ftrudlcd for p. 
that purpofe ; it v^ill meafure 20.71. Then 144: 20.71 x 20.71 *^' ^ 
: : 20 : 59.5 the content in feet This may lifcewiTc be done by 
taking the fquafe of the diameter in inches foi: the fecond term, if 
193.3 be taken for t!ie firft : 193.3 : 24 )^ 24 : : 20 : 59-5> ^^ ^- 
fore : And that 144 : is to 1 93.3 ; : as the fquare of tne thicknefs 
taken on the flat : is to the fquare of diameter, may be thus prov- 
ed : Let the radius C B be 10600; then will the fine of the &n^ 
gTe AB C be 8a6S; and ^268 x 8268 : 144 : : loooo x loooo 
; 195.3. By this it appears that there will be 7 per Cent, diffe- 
rence ih hewing the tree by this method. 

The works of the feveral artificers relating to building, whe- 

* Iher fuperficial or folid, may be meafured by the preceding rules ; 

But asall the (Operations require multiplication and divifion j this^ 

K 2 ' ia 
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70 Of LOGARITHMS. Gha*. V. 

in fome cafes, is deemed too tedious for pradlice, on which account 
they make ufe of the Aiding rule. But before the lines neceffary for 
that purpofe can be conftruded, there muft be fome method found 
to multiply and div^ide natural numbers, by adding or fubtradt- 
ing artificial ones : This is mo^ cfFe<ftually done by the Loga- 
rithms; which (hall be the fubjcd of the next chapter. 



^ 



CHAP. V. 
Of L GA R ITEMS. 

¥ T is not our bufinefs here to conftrud tables of thefe admira- 
I ble numbers, they being already calculated to great exadlnefs. 
The learned are obliged for this ufeful difcovery to the indefati- 
gable labour of the noble inventor. Lord Neper. We fhall only 
explain fo much of the nature of them, as is neceflary for under- 
ftanding the ule and conftruftion of the line of numbers. 

Logarithms are artificial numbers adapted to natural num- 
bers, ahd fo contrived, that by addinc the logarithms of any twro 
numbers, their fum will be the logarithm of the produd: of thefe 
two numbers, or by fubtrafting the lefs fi-om the greater, the 
remainder will be the logarithm of the quotient of the one di- 
vided by the other. From this defcription, the following in- 
ferences'will eafilybe deduced, viz. 

Is Every natural number muft have a proper logarithm, and 
therefore a table fhould be made to find it by iufpeftion. 

2. If the logarithm of any number be ihcreafed, the corref- 
pondent natural number will te increafed likewife. 

3. If the logarithm of any number be added to itfelf, (or 
which is the fame thing, if it be doubled^ the fum will be the 
logarithm of the fquare of the natural number. 

4. If the logarithms of any two numbers are known, the lo- 
garithm of the produft of thofe two numbers may with certainty 
be found : For, if the two known logarithms are added together, 
their fum will be the logarithm of the produd. 

By a careful attention to thefe inferences, we may eafily make 

. loga- 
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logarithms to the following rank of natural numbers in acontinu- 
ed geometrical proportion, viz. i : 2 : 4 : 8 : 16 : 32 : 64 : 128, 
&c. which may be continued to any number of terms. Here i 
is the firft term, and 2 the ratio ; fo every term is the produdt 
of the preceding term multiplied by 2^ as will appear by bare, 
inf^edtion. 

Unity (or i) Is the firft natural number^ and its logarithm muft 
be a cypher [by Inf. 2.) for unity neither multiplies nor divides 
any number 5 fo its logarithm muft neither increafe nor diminiih 
any other logarithm. 

The logarithm of 2 may be afTumed at pleafure, but this will 
determine the logarithm of all the reft: Suppofe it 10; the next 
natural number is 4- Now 4, is equal to 2 x 2, therefore its loga- 
rithm will be 10 4" 10 = 20, which muft be the logarithm of 4. 
The next natural number is 8, or 4 x 2 : Add therefore the loga- 
rithms of thefc two numbers, viz. 20 and 10, and their fum 30 
will be the logarithm of 8 {by Inf 3 and 4.). 

It is eafy to obferve, that as the rank of natural numbers is 
formed by a continual multiplication of each preceding term by 
the ratio > fo their logarithms are formed by a continual addition 
of the logarithm of the ratio : And as this logarithm may be aflum- 
ed at pleafure, fo there may be different forts of logarithms, as 
in the following, viz. 

128 : 256 : 512 : i024Numbers. 
70 : Ko : 50 : lOoLc^rithms, 
105 : 120 : 135 : 150 Logarithms, 

It is evident, that either of thcfe ranks of logarithms will anfwer j 

the propofed end: For if it were required to multiply 32 by 8, 
the^logarithm of 32 is 50, the logarithm of 8 is 30, and 30 + 
50 = 80, which is the logarithm of 256 = 32x8. 

This may fuffice to fhew, that if there were a table of loga- 
rithms ta all the natural numbers we fhould have occafion for, 
there would be no need of multiplication or divifion. The difficul- 
ty will be, to make fuch a table for all the intermediate numbers, 
which I prcfume the inventor might effcdl in the foUowmg man- 
ner. * 

Inftead of afTuming the logarithm of 2, he might chufe 
1.0000000 for the logarithm of the natural number 10, the dou- 
ble of which w(»ild be 2.0000060 ';HEbr the logarithm of 100, 

wid 
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and the treble 3.0000000 ; for the logarithm of 1000, and fb on, 
as in the following table. 



Natural Numbers. 


Logarithms. 


I 


0.0000000 


10 


1. 0000000 


100 


2.0000000 


1000 


3.0000060 


1 0000 


4.OOQOOOO 


I 00000 


5.0000000 



It is evident from the foregoing table, that the*logarithms of all 
the natural numbers between 10 and 100 would begin with i; 
between 100 and 1000 with 2 ; and between 1000 and loooo 
with 3,G?f/thefc initial figures arc called diaraftcrifticks, and 
denote how many places the firft figure of the natural number 
ftands from unity : It is alfo evident, that the logarithm of any 
natural number under lo, Would be lefs than 1, with 7 cyphers 
annexed, and therefore would begin with 2, 3, fi?r. with 6 figures 
more annexed. But to make it contain the fame number of fi* 
^ures as the logarithms of the numbers above 10, he prefixed 
a cypher to it, which is the charadteriiHck of all the natural num^ 
l)ers under 10. 

Having thus afifumed i. 000000 for the logarithm of 10, the 
half of it 0.5000000 would certainly be the logarithm of the 
^oare root of 10, which the inventor with great care and pains 
muft have extraded to 7 decinul places. If this root were mul- 
tiplied by 10, the logarithm of the produft would be 1.5000000^ 
the half of which 0.-7500000, would certainly be the logarithm 
of the fquare root or that produdt. In this manner, I prefumc, 
he proceeded to find the proportionals between i and 10, till 
the root caine to more than 9> and then found mean propor- 
tionals betwixt that and the next root left than 9, till at laft, af- 
ter a great number of trials, he came to the root, or abfolute 
number 8.9999999, which is fo very near 9, that it may be ta- 
ten for the fame, the logarithm of which he found, by the fame 
number of additions and halvings, to be 6.9542420, , - 

In the £ime manner he might proceed to find thje logarithms 
of 5 and 7,. and having found thefc, the logarithms of 2, 3, 4, 6, 8, 
might eafily be found, fofhalf the lx>garithm of p would be the 
logarithm of 3,- and if the logaridmi of 5 isfubtra^ed finom the 

loga- 
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logarithm of Id, tbc Fett^inder wIU be the logarithm of z, thq 
doable of which ia th« logarithm of 4, and that doubled agaia 
will be the logarithai. of 8 1 and if the logarithm of 2 is added 
to the logarithm of 3,. the fum will be the logarithm of 6. 
, By tbefe meaos, I prefume, after a great deal of iadefatigabfe 
pains, and aa un^oincnpn applicationi, lie at lad finiihed his^ 
table, which was juftly efteemcd one of the moft ufeful difco- 
vcries in the art of numbers, and has accordingly been univer- 
fally received by all mathematicians, and the lord Neper is al- 
lowed the whole honour of the invention without any rival. 

Other methods have been propofed by authors who have wrote 
on this fubjeCt, whereby the operations may be (hortened in the 
conftrudllon of the tajjlfc i but^ aa our defign in this place is only 
to make the reader acquainted with 'the coherence of the loga- 
rithms and natural numbers, being the fame with that of num« 
beFS in arithmetical and geometrical progrefSon ; I think tiie 
preceding method^ the moft likely to anfwer that purpofe^ as be*^ 
ing the moft imelligible, and the fimdaaieiital principle, up« 
on which' thofe methods that have beea found to fliorteq th^ 
work mo(l be grounded. Tables being already calculated . by 
the inventor^ afl well as by ieteral fucceeding mathematicians^ tq 
a great exadnefs, there is now no neceffity for that trouble, we 
fhall dic^efoise) in the fbllowii^ pcopofittQna> (hew the manner of 
finding logarithms in the tables, and fome of their various ufes ia 
arithmetical operations. . / I 

PROP. I. 

7b fnd the kgatitbrn of any ginsen mmier. 

Rule, Look for the number in. the firft column, (under N^) 
and if it confifts of lefs than 3 figure?, its logarithm will 
be found in the firft page, with its proper charafteriftick. If it 
confifts of 3 figures, it will be found in the following pages in 
the firft column, and right againft it in the column under o, 
you will find ita logarithm, with a proper charadteriftick. 

If the given number confifts 0/4 places, find the firft tliree 
as before, and look for thf laft figure at .top^ and in the column 
under that, right againft the three firft^ figures, you will find the 
proper hg&khm i QtAy Jo^ are to ol^iibrve, that in thi^ cafe the 
^haca^edftiek wiUiie 3 : For the a^olute nuxnbfr m^ft always 

contain 
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contain one place of integers more than the charaderiftick does of 
units. If one, or rnore^ of the laft figures are decimals^ the loga-^ 
rithm will be the fanie ; The difference will be only in the cba- 
i;^(3:eriflick, which, as we have obferved before, always denotes 
how many places the firfl figure of integers fbnds from unity i 
the following examples will be fufHcient under this head« 



Mum. 


Logaf. 


Num. 


hogar. 


8 


0.903090 


75^9- 


3.879038 


88 


1.944483 


756.9 


2.879038 


699 


2.844477 


75-69 


1.879038 


5463 


3.737431 


7-5^9 


0.879038 



P R O B. 



II. 



To find the ahfolute number correfponding to any given Logarithm. 

Ru/e^ Without regarding the charaderiflick, look for the given 
logarithm in the table ; and right againft it, in the firil column, 
under N^, you will find the three firfl figures, and at top, 
the fourth figure of the number required. But» if the numbec 
thus found fhouki confift of fewer places than is exprefled by 
the charaderiflick;, the deficiency muft be made up by annexing 
cyphers : And if it confifls of more places, one or more of the 
k(l figures mufl be decimals, as in the following examples^ 

EXAMPLE I. 

Let the given logarithm be 3.914872. Againfl .914872 ; in 
the table you will find 822, in me firfl column under N^ ; fo 
that, as the chara£fceriftick is ^, and the logarithm is found in 
^he column under o at top, the number fought will be 8220. 
But if the charaderiflick had been 2, the number would have 
been 822 j and if it had been i, the laft figure would have been 
a decimal, and only the two firfl figures integers, viz^ 82.2. 

If the above logarithm .914872 had not been found uader o^ 
in the table, the fourth figure would not have been a cypher, 
but one of thofe at top of the table under which it had been 
found. 

EXAMPLE n. 

Let the given logarithm without the chgraderiftick be .01)8345; 
This will be found in the column which has the figure 6 at tpp; 

the 
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the abfolutc numbers muft therefore be taken to 4 places of fi- 
gures at leaft, the charadtcriftick always denoting how many of 
thofe figures mufl be reckoned as integers^ as in the follow- 
ing, viz. 

Logarithms Numbers 

5.918345 828600 

4.918345 82860 

3.918345 8286 

2.918345 828.6 

1.918345 82.86 

0.918345 J 8.286 

If the given logarithm cannot be had exadly in the tables, we 
muft take the neareft to it ; fuppofe it 3.86 1080 ; the natural num- 
ber correfponding thereto will be more than 7262, but lefs than 
7263. But becaufe the given logarithm is nearer to that of 7262, 
that may be taken for the required number : Thofe who incline to 
more exadnefs may find a figure of decimals by the following me- 
thod. 

From the given logarithm 3.861080 7 difference 
Subtradt the next lefs — 3-8610563 is 24 

From the next greater log. 3 . 8 6 1 1 1 6 7 difference 
Subtract the next lefs — 3.861056 J is 60 

Then fay, as 60 (the difference betwixt the two neareft loga- 
rithms to the given one) is to 10 fo is 24 (the difference be- 
twixt the given and next lefs) to 4, the decimal required : So 
7262.4 is the natural number correfponding to 3.861080. 

That the natural number is by this method found to great ex- 
a€tnefs, may be proved by adding the logarithms of any two 
numbers together whofe produdl is equal to it. 

Thus, 605.2 X 12 = 302.€x 24 = 7262.4 , 

Num. Log. Num. Log. 

605.2 2.781899 302.6 2.480869 
12 1. 079181 24 1. 380211 

• 7262.4 r- 

3.161080 3.861080 

The reafon of this is plain, for if to the logarithm of 7262, 
be added 60, the natural number will be increafed a whole unit ; 
but if only i tenth, 2 tenths, &c. of 60 be added to it, the na- 
tural number will be increafed only i tenth, 2 tenths, Gfr. of an unit. 

L Hence, 
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Hence, by the reverfe of this method we nay find the loga- 
rithm of a number of five figures $ for, after finding the loga- 
rithm of the firft four figures, fubtrad that fi-om the next 
greater logarithm in the tables ; then fay, as lo is to the di^ 
ference betwixt the logarithms fo is the fifth figure in the na- 
tural number to the number to be added to the logarithm of 
the firft four figures. 

Let the number whofe logarithm is required be 72624. 
Log. 
7263 3.861 1 161 
7262 3.861056 (lo : 60 : : 4 : 24, and 

\ 24 + 3-861056 = 3.861080 

difference 60 J 

But becaufe the natural number has five figures^ the chara£ier- 
iilick muft be 4. 

PROP. III. 

Multiplication and Divifion by Logarithms. 

Rule^ Add or fubtrad the logarithms of the natural numbers^ 
their fums will be the logarithms of the produ&s, and their re- 
mainders the logarithms of the quotients ; and as the rule of 
Three requires both thefe operations, we (hall refer thereto for 
examples, 

PROP. IV. 

The Rule of Three, by Logarithms. 

Ruky Add the logarithms of the fecond and third terms toge- 
ther,, and from the fum fubtra£fc the logarithm of the firft term ^ 
the remainder will be the logarithm of the fourth term required.. 

E X A M P L £• L 

If 64 give 21, what will 72 give? 

Log^ 
fecond term 21 1.3222 19 
tiiird term 72 1-857332 

produft 1 51 2 llim 3.179551 
firft term 64 i . 806 1 80 



fourth term 23.62 ^^-37337^ 



As 
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As the laft logarithm cannot be had exaftly in the tables, we 
muft (as already obferved) take theneareft to it, which is, 373280. 
againft which, in the column under number ^ is 236, and the fi- 
gure at the top is 2 s fo that 23.62 will be the neareft, for the 
charadteriftick being i, the two laft figures will be decimals. 

We fliall in the next examples fhow the ufe of the logarithms, 
when iany of the terms are mixed numbers, or decimal fradions j 
and here we think it needlefs to perplex our readers with nega- 
tive figns, as the whole bufinefs may be done by ufing the fame 
procefs as if they were all integers; for then the charaderifticks 
will all be pofitive, and denote how many places of figures are 
contained in the produft, or quotient ; and we may find how 
many arc decimals, by the very fame rule that is made ufe of 
when the operations are performed by multiplication and divifion 
of the natural numbers. 

EXAMPLE IL 

If 16.5 give 3.75, what will 49.5 give? 

We fhall work this as if the terms were all integers, and like- 
wife as mixt numbers ; the difference will be only in the cha- 
ra&eriftick. 

i'7S Log. 2.574031 0,574031 

49.5 2.694605 X.694605 

5.268636 or 2.268636 
2.217484 1. 217484 



77 




11-25 ZOC,!!^! I.O5II52 

In the firft operation, when the logarithms of the fecond and 
third terms are added together, the charaderiftick is 5 : This 
fhews there will be fix figures in the produd : But then, becaufe 
there is one place of decimals in the multiplicand, and two in 
the multiplier, there muft be three places of decimals in the 
produfl, and only the firft three figures are integers. And this is 
agreeable to the charadteriftick, in the fecond operation 5 which 
being 2, (hews there will be three places of integers ; but this 
does not determine how many places of decimals will be requi- 
fite to compleat the produd. Again, when the logarithm of the 
firft, is fubtradted fix>m the fum of the other two, in the firft o- 

L 2 pera- 
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pcration the charadtcriftick is 3, which fhows there will be four 
figures in the quotient. But becaufe there are three decimal places 
in the dividend, and but one in the divifor, there muft be two 
decimals in the quotient. So the firft two figures will be inte- 
gers, and the laft two decimals: It is the fame by the 
. fecond operation ; where the charadteriftick is i. The firft opera- 
tion feems to have the advantage of the fecond, becaufe it dif- 
covers how many decimals will be in the produ<ft or quotient. 

EXAMPLE III. 

If 165 give ,375, what will ,495 give ? 

The figures in this being the fame with the former, the ope- 
ration will alfo be the fame j the difference will be only in the 
value of the figures in the produdt, and quotient. The fecond 
and third terms being decimals, their produdl will likewife be 
decimals ; and the charadleriftick being 5, it will confift of fix 
places : But when this comes to be divided by the firft term^ 
which is 165, all integers, the dividend will contain fix places 
of decimals more than the divifor, and therefore the quotient 
muft likewife have fix decimal places ; whereas, by the prece- 
ding operation, the charaderiftick of the logarithm of the quo- 
tient is three, which ihows it will contain only four fignificant 
figures 5 to which there muft be two cyphers prefixed, to make 
up the deficiency, and then it will be the fame as if the opera- 
tion was performed bjrnatural numbers -, .375 x ^95 = .185625^ 
and .185625 -r- 165 = 091 125 : But if the divifor is a fraftion, 
as ,165 , and the dividend the fame as before, then it will con- 
tain only three decimal places more than the divifor; fo the quo- 
tient muft have three decimal places, .185625-7-^165= 1,125. 

PROP. V. 

ExtraSlion of Roofs, by Logarithms. 

Ruh\ Divide the logarithm of the power by the index of the 
power, the quotient will be the logarithm of the root j but if 
the root be given, and the power required^ multiply the loga- 
rithm of the root by the index of the power ; the product will 
be the logarithm of the power. 

N B* The index of the fcuare is 2, of the cube 3, ^c. Sec Chaf. i. Se£i. i. 

EX- 
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EXAMPLE IV: 

Admit 93 feet to be the length of the keel of a. /hip of 508 
tons, and a fhip of 400 tons to be built, exactly fimilar to the 
other; required, the, length of her keel ? 

In order to folve this is muft be obferved, that the contents of 
fimilar folids have the fame proportion to one another, that the 
cubes of their fimilar fides have, therefore, the following will be 
a general proportion in all cafes where the dimenfions are fi- 
milar, viz. ... 

As the tonnage of any fliip, or the folid contents of any body, 
is to the cube of the keel, or any other part -, {o is the tonnage 
of any other fimilar {hip, or the contents of any other fimihr 
body, to the cube of her keel, or any other fimilar part. Hence, 
508 : cube of 93 : : 400 ; cube of the required keel, the cube root 
of the fourth term muft be extracted, for the length of tlie 
keel : Firft, to cube 93, by the logarithms. 

Log. 
93 1.968483 X 3 = 5.905449 Log. of the cube of 93 
400 its Log. is 2.602060 

fum of 2d and 3d terms 8.507500 

508 firft term, its Log. 2.705864 

Log. of the cube, divide by 3) 5.801636 
85.88 the required keel 1-933878 

(or 86 nearly) 

Here the ufefulnefs of logarithms is very evident, for the cube 
of 93 would confift of 6 places, as appears by the chara(fterifl:ick ; 
and this again being multiplied by 400, the produd: would con- 
fift of 9 places J and when this produdt is divided by 508, the 
quotient will have 6 places; and the cube root of this muft be 
extrafted to four places at leaft; for 85.88 is the length of the 
keel required, being the neareft natural number to the Log. 
1.933878. 

What has been already faid, we prefume, is fufficient to re- 
commend the pradice of thefe admirable numbers to our readers, 
though they may be extended to the folution of moft queftions 
which require an arithmetical calculation. But they do not ftop 
here ^ for they difcover a method of performing the foregoing o- 
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perations^ even without the help of numbers : This is efFeded by 
the line of numbers invented by Mr Gunter^ which we fhall 
treat of in the next chapter, and fhall only here remark, that 
numbers may be added or fubtradhed, by a fcate of ecjual parts 
and a pair of compafles, as in the following examples, where 
we (hall make ufe of the fame fcale of equal p§rts before de-» 
fcribed, as ia PJitte 2; Fig. u 

EXAMPLE I. 

• Let the two given numbers be 36 and 48. 

Rule^ Extend from the point A (where the line A B begins) 
to either of the given numbers, fuppofe 36; fet the fame ex- 
tent forwards from the other given number 48, and it will reach. 
to 84^ the fian required in the fame line A B. 

EXAMPLE IL 

Let it be required to find the fum of 3010 and 477T. Aa 
ihefe numbers cannot be had on the line A 6, find them ia 
the diagonals, and transfer them to the line AB, in the pointa 
Xy z ; the extent from A to x will reach from z to y. Now, to 
find the value of y^ take the diftance of the point y from figure 
7, in the line A B^ and fet it off from figure 7, in the line CD; 
then a ruler laid fi:om this point to ^, in the line A B, will intcr- 
fedt the diagonal next before y^ in the required point, which will 
be found to be 7781. 

As fubtradion is only the rcverfe of addition, it will be need- 
Icfs to give any examples> this being not intended for pradice. 

The reafon of the operation is fo plain, as to require no de- 
monftration : For if two rulers, one of ten inches, and another of 
fourteen, be laid fo as to make one ftrait edge when joined ta 
one another, they will make 24 inches ; and if there be fix in- 
ches cut off from a ruler of 24 inches,, there will remain only 
18 inches^ 
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ConfiruEiton of the Line of Numbers. 

HIS line may be of any length, but as there muft be a 
particular fcale adapted to it, we (hall fix upon the line 
which being divided into i o,o©o equal parts, will anfwer 
our purpofe. 

The intent of the line of numbers is only to add or fubtraft 
logarithms, fo that all that is neceflary to this end is to place the 
logarithms properly upon the line. 

The logarithm of lo, by the table at the end of the book, is 
i.ooooo". But becaufe.our fcale contains only io,goo, we fhall 
fix upon that number for the logarithm of lo, and 
i-oooo all ^hofe under lo will b^ as in the margin. Find 
2-3010 theto allamongft the diagonals, and transfer them to 
3-4771 the line A B in the points x, x^ t^py y\ s, r, «. 
4-6020 Draw tiie line G H, parallel and equal to the line 

5-9990 A B, and transfer the points x, z, /, &c. to this line 
6-778 1 from the line A B. 

7-8451 We have now the. logarithms of all the numbers 

8-9030 from I to 10 upon the line G H j and if to the end 
9-9542 of it be joined another line, of the fame length, 
10- 1000 and graduated and numbered properly, we fhall 
have all the numbers from i to loc. But as our 
fcale will not admit of thefe j draw the line E F parallel and e- 
qual to G H 3 and inflead of doubling the line G H, take E N, 
(half the line E F) and make it the length of a line of numbers, 
by transferring the logarithms, as was done on the line G H, but 
there muft be a fcale of equal parts adapted to the* line E N, 
which muft contain loooo equal parts, if we make ufe of the 
fame table of logaritlims as before. And by this means the line 
A B would contain 20000 equal parts, which would require dou- 
ble the number of parallels. Inftead then of making a new fcale, 
we may make the fame diagonals anfwer our end : For it is only 
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takifig half the logarithms. Wc (hall therefore accommodate the Plate 
logarithms to our fcale, as in the margin ; transfer all thefe from ^I* 
the diagonals to the line E N in the points 2^ 3, 4, 5, 6, 7, 8, 9, i ; ^^S- ^* 
then graduate and number the line N F, the other 
i-oooo half of the line EF, exadlly as the line EN. Thefe 
2-1505 laft will be the logarithms of 20, 30, &c. for the lo- 
3-2385 garithms of 20, 30, &c. are the logarithms of 2, 3, 
4-3010 &c. added to the logarithm of 10 ; but E N is the 
5-3495 logarithm of 10 ; E 2> E 3, the logarithms of 2, 3, 
6-3890 &c. therefore, if N 2, N 3, &c. be made equal to 
7-4225 E 2, E 3, fifr. E N 2, E N 3, &c. muft be the loga- 
. 8-4815 rithms of 20, 30, &c. They may be transferred to 
9-477 1 the line N F from the diagonals, if to each of the lo- 
10-5000 garithms in the margin we add 5000. So the loga- 
rithm of 20, will be 6505, tfat half what it is in tho 
tables. Now to £nd the units, or intermediate points betwixt 
10 and 20, 20 and 30, &c. find in the tables, the logarithms of 
II, 12, 13, &c. to 20, and the logarithms of 21, 22, &c. thefe 
muft be divided into two equal parts, to accommodate them to our 
fcale ; and being found in the diagonals, they may from thence 
be transferred to the line N F. 

We have now the whole line E F divided into 18 unequal 
parts ; I at E, and the figures 2, 3, &c. denote fo many units ; 
I at Ny and the figures 2, 3, &c. to F, denote fo many tens ; i 
at F 100: The intermediate divifions betwixt the figures in the 
line N F are units ; fo the 6th divifion betwixt the figures 2 and 
3 is 26 $ the firft betwixt figure i and 2 is 11, and fo of all the 
reft. 

If die fpaces betwixt the figures in the line E N be graduated^ 
as thofe in the line N F, they will be tenths of units : And becaufe 
the difference betwixt the logarithms of i and 10, the logarithms 
of 10 and 100, and of 100 and 1000 arc all equal; i at the point 
E may be accounted 10, and i at N 100, atF 1000. The figures 
in the line E N will now be tens, and thofe in the line N F hun- 
dreds. The intermediate divifions betwixt the figures in the Ime 
E N will now be units, and thofe in the line N F will be tens. 
So 3 in the line E N will be 30, and in the line N F 300. The 
divifions in the line E N betwixt 5 and 6, will be 51, 52, &c. ia 
the line N F 510, C20, &c. 
In order tp findf the points for lot, ia2> 12 ij 122, &c. we 
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Tlate muft find the logarithms of thofo number?, iand tranfi&rithemilrom 
II- the diagonals as before directed ; which \VQuld reqiiire. the fpaces 
^^Z' ^- betwixt the figures to be divided into loo equal parts; biit the 
length of o^r fcale will not admit of this. The dlvifions betwixt 
the figures i and 2 are fub-divided. into five, by.tramsferring the 
logarithms of 102, J04, 122, 124, @*r, and the divifion?. bctsvixt 
iL and 3 are only, fub-divided into two> by transferring ^he: loga- 
rithms of 205,. 21 5, 255, &c. The jfpaces betwixt, the other-fi- 
gures are only divided into ten ; fo;thc units can only be lud-by 
taking 4r, t, Ti &c. .as near as the judgment can dkeiSt. v . . 

The line being thus . eonftrufted, it will be cafy to ^fiod.any 
number upon it: And that. this maybe donc>with aiU po^iblcex- 
pidition, where the fpaces arc divided into ten partk betwixt the 
figures, every fifth -is diftinguillied by longer Iftrokes than the 
terB. Again, where the (paces can.adnjit of being. divided into 
more than ten parts, the fub-divifions are;diftingtti{hcd;byih6r-i 
tei- ftrokes than. the tensw -Now theivalue pf.thcfc itrolccs ire.(Jc» 
temiined by thp value of .the figures, .whigh- being .arbi^ry; ithcy 
muil: be determined befi^re we, can find any mimberiiponjtJxelinei 
If : the number be lefs , than 100, i at E maybe unity ;thert 
I at N will be ten, i at F 100. Thc.ftrokes reprcfentrng.the^ens 
in the Une iE N, will be tenths. of units,, and thofe in the fine 
N JPi will be. units. The .fhort flnofees : betwixt the; t^os jurei e^traa^ 
ted according to. thdir nuqiber, fopif-t^iece were jpiirdom^attes^ 
each would be ioaibpart of an/uiut;ia tbelineEiN^' and)ientlls 
of units m the line N E. If there he only 4aatermcd!ate^bfcesi 
each will be 200th parts, or. two, tenth parts of.iinity: ; And if 
there be but one ftroke, it will be 500th, or 5 tenths. 
/ If 2 were required, Jook fdr^hat figure in the fine:)E:N'5 iif ao,' 
at will be at.2in;thclinc;N'P;;af g^,- or'3:5,iCountifiveArofces be^ 
yond the figure 3411 theilinc B N:; this, as ;was before. obfervedi 
will always be .longer than, any of the others* If 40D .wcrere^ 
quired, i atEmuft be aQcounted/teo, latN 100: SorfigUFe4:in 
^he line N'E will ibe 400 s 470 wiUiheiy ftrokes/beyond.figure 4.J 
475 will be in* the middle botivixt the .j^thand &th ftroke beyond 
figure 4 ; if' 473V w&muft takalittle unore than ^of theifpace bci 
iwixt the yih and 8 th! ftroke, )birt:this cannot .be had to ^a ^reat 
tniccity.' ..;,..: . 1 . 1 

The line G H is called a fingle line of .ournbers, dnd the Kna 
£ E a jdpubie ^ooq : . 'f£his iafi containing double :the;numlDers .that 
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the former docs ; and it is only two lines of numbers joined IoPlate 
one another, both graduated and numbered alike. }^' 

It is very plain that the figures 2, 3, &c. in the lin6 G H^^g-^*^- 
are double the diftance from one another, that the fame figures 
^'ein the h'ne EN^or NF; fo that we may, by infpeidtion, find 
either the fquare or root of any number on thefe lines. A few' 
cxamples-wiU ilJuftratethis.' ■ ■ 1 ' 

Let it be required to find the fquare of 6. To do this, is tO' 
multiply it by itfelf, or to double its logarithm. Now this is at 
the point 6 on the line E N, extend therefore from E to figure 6, 
the fame extent will reach from 6 to^6 =* 6 x-6 : But 36 is double 
the difhmce from E that 6 is ; and 6 in the line G H is likcwife dou- 
ble the diftance -from G that 6 in the line B N'i^fronfiE : So we 
fhall have no occafibnfor compafl^es^ we need t)nl3^ Took for the root 
on the line G H, and the fquare will be on the 4ine E -F riglit a«r 
gainft the foot : If the root be lefs than Jo, i at G and -at E may 
beunitfe/'b^t irit exceed io, 1 at G miift be 10, and \ atE 100: 
If the Iquare be given,, and' the root ' recjuired ; look for' the • 
ft^Qafe'orl^the liiie *E F, and'tHe root will'-Ve againft it oh the lina 
G H. Let the fquare root of*8i be' required.' 81 vAW be found in 
the line N F, and will be double the diftance from E, that the 
root is from E. We xrttift therefore "find; by compaflTes, half the 
diftance fi-om E to 81, and whalfodvefr figurd of point Is at this 
middJ© point in-the linoEFjthc figure 'of the fame fname, orpoint 
of the fame* valua in the line <J H, will be doable^ that diftance 
from G,.and thepefore muft be ag^ainft 8is and in this cafe 9 is 
tJie- fquare. root of^^ I.: . , ¥ 

" As the fquare of any number is double the diftance of the root Fig. 2,3, 
from E;,fa'is tho-cube-of artynunfibef » triple the diftance of its 
rx)ot kov^ the point E. And inorder to fifld the cubes or roots of 
numbers by infpe^fiion ) draw the line I K <q'ual, and parallel to 
the lines E F, and G H. Divide it into three- equal parts in the 
poipt$ L^M.-Make-^acb of thefc-iiliheof nuuibers^ either by a- 
4apting ^ fcale of eq^al- par4s to ity or takiiig one third of the lo-> 
gilr4tJim% afidmakirrgtuleof-the fame* diagonals as before. This 
hne is called a triple line of numbers. Now if> the cube: root q£ 
any number be required 5 look for the cube on this line, and its 
root will be right againijh'it on the Urte OH; for the fame rea- 
fons, that.thc fquare is on the line E F^ . If the root be given, and 
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the cube required ; look for the root on the line G H, and its 
cube will be on the line I K, right againft the root. 

Note, Becaufc the lines G H, E F and I K, are at too great a 
diftance from one another to find the cubes, fquares and roots, 
without a pair of compailes ; there is a double line drawn clofe 
tothe fingle line, as in Fig. 2. and a fingle line drawn clofe to the 
triple line, as in Fig. 3, fo that they may fervefor a table of cubes 
and fquares. 



S E C T. II. 

Of the U/e of the double Line of Numbers; 

IT is evident from the conftrudlion of the line of numbers, 
that the logarithm of any number may be had by a pair of 
compailes : ThuS:^ extend firom the beginning of the line to the 
number whofe logarithm is fought; that extent meafured on the 
fcale of equal parts, will give the logarithm requiftd. 

EXAMPLE.^ 

Let it be required to find the logarithm of 4. 

Extend from the beginning of the lin$ to 4 ; that extent mea* 
fured on the fcale of equal parts will eive 6021, which is the lo« 
garithm of 4. The like may be faid ofany other number; which 
is very plain, being only the reverfe of the method by which the 
line was conftrudted. 

The intent of finding the logarithms of any numbers in this 
manner, is in order to add, or fubtrad them. But if this can be 
done by the line of numbers only, we (hall have no occafion for 
the fcale of equal parts. 

We have already ihewn how to add any two numbers by the 
icale of equal parts ; therefore we may add the logarithms of any 
two numbers in the fame manner ; and the fum will be the loga* 
rithm of their produdt. 

EXAMPLE. 

Jjtt it be required to add the logarithm of 3 to the logarithm 
•f 4. Thia 
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This cannot be done by the fcale of equal parts without having 
t table of logarithms ; but this Atkdi is fupplied by the line of 
^lumbers. The logarithm of 3, by the table, is 477 1> and the lo- 
garithm of 4 is 602 1 . Now the points 3 and 4 upon the line of 
numbers^ are the fame diftance from the beginning of that line, 
that the numbers 4771 and 6021, are from the beginning of the 
fcale of equal parts : So that it will be the fame thing to extend 
from the beginning of the line of numbers to 3^ th^ it would be^ 
to extend from the beginning of the fcale of equal parts to 4771, 
and when this extent from i to 3 is fet forward from 4, it will 
reach to I2> which point is 10792 elqual parts from the begin- 
ning of the line of numbers; and that number being the fum of 
4771 and ^021 (the logarithms of 3 and 4) it is the logarithm of 
12^ as appears by the table. 

Multiplication by the Line of ^Numbers. 

Rule. Extend from i to either of the given numbers» that ex- 
tent will reach from the other given number to the produ(^: A 
few examples will fuffice to illufrrate this, 

EXAMPLE!. 
Let it be required to multiply 8 by 6. 

I : 6 : : 8 : 48. 
The extent from i to 6 will reach from 8 to 48. 

EXAMPLE IL 

Let it be required to multiply 98 by 8. 

Here the diitance from i to 8, when fet forward from 98^ wiU 
go beyond the end of the line ; for» if i at the beginning of the 
line ht unity, all the figures on the firft part will be units, and 
thole on the fecond, tens, and 98 will be within two divifions of 
the end of the line. In this cafe, i at the beginning of the line 
muft be accounted 10, fo 98 will be found on the firft part of the 
line ; and becaufe the extent from i to 8 is the iame as from 10 to 
80 ; when this is fet forward from 98, it will reach to 784, the 
produfi; required. 
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: A flidcr having a line of nutabers upfon it; ejtaftly the* (Ivme 
with that on the rule, will perform, tji^ oflic^ of a^air of cotn^ 
pafles ; and being readier lor practice, we ihall • fliew. hoiv to 
work by it. 

Ajs in the firft example,; let Itr be ^required t^ muhijJy 6 .by^Sj 
Set I upon the flider> againft 6 upqA. the^ rtrie, look'iisw'8 .upott 
the Aider, and. againft it^.. isi4"8 uppa the. rule:;. a[>d 'wl>en'tlae.fli-i 
der is thus fet, we have the product of any nuwibec m»lltiplied hf 
6; for againft 2 is i2, againft 6 is 36,.agairtft io.is.6.c\*agstinft. 
i6 is 96; but 17 on the Aider goes beycMid the end of theJino upt-- 
©athcl rule. . lathisj an)i;in .fw<{h* likcicafes, the.- taiup-. ot tbcofiv' 
gures « ttft jbcraltfer.'d j as ofefervcd b^orrii r fti>d 11 »a4'th^ feegbniog. 
mufl::lieiio^/andiL7:Will be f(&und in. the firft pdft of ^therJinei up- 
on the Aider, and againft it you will fiud io2..tjr)<)aithcrnife. Ai 
the number had been 170, the operation would nave been exact- 
ly the fame; it.wouldbe%onLy.cialling.thc I, loo-, and adding a cy- 
pher to.the prbdudt io2, which would make it 1 020, . , 

Divifbn by .the Line .of^ NUrribirX.^ '. \\ 

This is only the reverfe of multiplication, for the extent from 
the divifor to thet beginning of -the Kne/ fe^bacfc' from the divi- 
dend, will reach to the quotient.. Or by the Aider.; fet the^divilpr 
on the Aider againft i on the riile, and agiihftth6*diVid6ndbn the 
Aider, you will find the quoticll^drf th6 #ule, 

E X A M P L E. 

Let 48 be divided by^. ^' ' ''' ^- ^- -■ 

Set 8 on the Aider, againft i on the rule j . and agamit 48x)athe^ 
Aider is 6'on the rule > and,- without xnoviag .the iliiier, .we havefthc: 
quotient of any numrber. divided by,8(,-hy infpe^bion j, a&.thq4reader^ 
willtjeafily^.perxcive upon examination-. .• . 1 * ^., . 

Hence,, to reduce a ^vulgar ira^oa intqa decinpal^dd-a cyphei^ 
^ to each part of the fradion ; .andif^hexlenonxiQatO]; upontne ill*, 
der is fet againft 10. on the rule ;^ then asainil the ^ numerator* you. 
will find the decimal fradlion upon the rule. Thus, thetvulgarfrac- 
tion % or ro will be found .jc in decimals. 

• : :; the 
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7t<? Rule of Three by the Line ofNimheri. 

'This is only,to find a fourth proportional to threcgiven numbenr. 

R,ule., Place the numbers, or fuppofc them to be pkccd, as ia 

the rule of tTiree 'dlre^; jthen extepd froin.the^r^ to the;fecond.; 

that extent fet the fame way from the third, will reach to 'the 

fourth number ipequire^- - , ^r . - 

By the flider,^ fet the fifft term upon thelflider againft the fe- 
.CQnd;tffoa upon the rule; and againft the third term upon .the 
Aider you will fimi the 4th term required upon the rule. 
- : :: - : A \ - a . ' ' ■ • . ' 

. '. .ri^/X -A :M; ,P- cL^.E- 

liCt .the giyen. numbers be 12 :,2d : : 27, to which* a Youf th is 
tcquircd*that*fliall bear the fame proportion to 2^^ that, 20 does 
to 12. ' ' . ' 

• Set 12 upon the ffider againft 20 on the rule ; and againft 27 
;iipoi)* the 'Aider,' jjitod'' will" n^^^ upon' the rule, which is the 
^fourth ferm- requited j 'for J2'i 2d : : 27 14^* t^e producft'of the 
•tTctrcines' ;(i2; x 45 ==. 54<5) 'being equal to :the'prddu^ of thfi 
4ncans ^irc^y 27 ==i 540). 

In order to demonftrate the reafon of this rule, it Will 'be pro^ 
per to obferve J that tc^erfornr the opejfatiqir bj'^figures, 2omuft 
be multiplied by 27, and the produdt divided by 12. . 

By the method already (hewn tot tmrliiplicafioh By the line of 

numbers, the extent from i to -26, fet forward from 27, will reach 

•.to ^4b,^lbC'produd; but then, us this produft is to be clivided 

by 12, the extent from 12^ to i muft be fet back- fr prh shis .'pro- 

'<wa'540. Now'it^is Very ' plain, -^ that m«tffea,- we only fet^the 

idiftance;between 1-2 and 20 forward 'ironi 27:^Pora8 we ifec^ 

**bliged aft^ -we-have fet^lbrward (he ^flfltafloc between land 2C^, 

to fet back the diftance between i and 12 ; .it is^plain, that be- 

-twixt this laft point and 27, there will l>e e^^acftly the feme di- 

ftanc«-as-thefeis-*bctween'i^and'2C. . •'- - •- ; : .1 

It muft be obferved, that in extending, if the fecond term is 

greater than tbr firft, the fipurth tqrm \yill be torthe right hand 

of the third; but if it belefs, it will be to tlheleft hand of the third: 

WJien weufe»tbe Aider,' it' is indiiFcrent Wh^thSr' tlic firft term 

be taken on the flider, or on' the rule, provided the third* term be 

•<l^kefi onr^th^ fameiiiie^a^^h&di^^. Nipithefsi$4t-mat$ml which 

.1 t of 
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M^o Of the Line tf Numbers. Cbap. Vt. 

of the means is taken for the fecond term } for 1 2 : 20 : : 27 : 45 j 
and 12 : 27: : 20 : 45. 

Having now fully explained the conftrudion and uie of the 
line of numbers, we (batl give fome examples in cafes that moft 
commonly occur to the ihipwrights. And as the Aider is moft 
expeditious, we (hall always make uie of it, 

EXAMPLE I. 

Suppofe it were required to know how much an artificer woold 
gain in 30 days, at the rate of 3 (hillings per day ? 

To reduce this to the rule of three, it will be i : 3 : : 30 : 90, 
and when the Aider is fo fet, that is i againft 3, then will 00 be 
againft ^o. But as the aofwer to thefe, and fuch like ^eftions, 
is fometimes required in pounds, this muft again be divided by 
20 ; and the operation by the pen would be 3 x 30 -r- 20 = 4.5. 
Now, here are two numbers to be multif^ed by one another, and 
divided by a third, therefore it will be 20:3 : :20:4.5; And in- 
ftead of fetting i, fet 20 againft 3, and againit 30 you will find 
4, and 5 of the ihiall divifions, which are tenths ; each of which, 
in this cafe, muft be reckoned 2s. fo that, 4 and 5 tenths will be 
4/. lOi» od. 

EXAMPLE IL 

What is the 3 fifths of 45? 

As the Iths of 5 is 3, fay by the rule of three. 

If 5 gives 3i what will 45 give ? The anfwer will be 27^ for 
5:3::45:27. 

From this example, take the fiJIowifig rule for findine the 
quarters of mafb and vards^ having the partners and flin^ given ; 
and alfo the fiiaftion, that the quarters muft be of the partners, or 
flings. 

Rule. Set the denominator of the fi^adion againft the nume« 
rator, and againft^ the flings } will be the quarter required* 

EXAMPLE IIL 

If a yard is 25 inches at the flings, what will it be at the yand 
arm, the proportion being rths of the flings ? 
Set 5 againft 2> and agamft 25 you will find 10. 5: 2 : : 25 10. 
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waUflup.of7?.ftct,bc. 
Set 60 )ig!(mft \23y' flod 
iHlef beSik tHui iet; We ): 
ihlfr, if't^lehfetliof^b] 
iuf^^'iboyt. ' Ifitib kec 
firft to work far^e Ibo^ i 

• - ■ ■» * 

inches, the proportion bcni^laF^pii^ i? ^ ' " r - • ^ ' >^ ' ; -^ 
6<t 3 atMMft t,ia^^ aesA ^5 ycnt'^^fittd '£^^ ttlil ^Sfc&but 



ft-:3t'% -M wv * « '%^ 



f^iiii, 



r ; ': ^.'> 



And fuppofe feveral other (hipBaiel»tebnItiiilir^ft4Sf pr#h 
f«i(fai> aU(t}iB ;lm(^ tli^lDBtb nigitfo^ ,4a.litlkllirftVAhc 
odier dimenfioM will» by the fi)cegoing method^ be found t^ilt^ 
m» in the column^ txw». ttr 
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4» .0 
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Tke leagth of the h^\, and qcbtme bcndtjli^ -beiffg . ^Tcn i 
tofind the tuniug^. 

. The seneial me&o4 is tq ffuittiply die leogth of the keel by 
fhe breadth; and that prqdDdby;(h^ half b^pMtV;. .^h 4ivide bf 
94 J abd the qpataesik will be tHe* tupiiag^. i;p^iitd : 4>, whk^ it 
jthe lame thin^ multiply t£ie.bce»dth by thc'r breadth i theii £iy 
as 94: 18 to mis prodo^ :..; (q is the leii(^ of the Iced : to the 
toniu^e. 

Let the length of the kee^ b^^3 ipet 4 iodbe^ pod the breadth 

. Thfr «p«ta^ by ^ .pop -^..be 93 >ii^4 Mches k jyaa 
8986.8 X 16 ^ 47786.8 •H 94 ap co8^ 
: The firft ,i^> fbr the ,4id«r . will be, &t .1, agaioft .934^ (or 
^ 4jft;AjpB93.s3).j«»dafwi»ft 3a will bC:ao86.$. J^fpwa»,dli• 
pcodua M to be multiplied by, i(i^\vu^ia!t\^:^.^^ km'i^H 
94 : 2986.8 : : 16 : 508 4t{ therefore; if you move the Aider 'till 
94 it ttainft 15^.8, tM tofnafe |q8 of^ljy wif be againft 16. 
In finding the firft prbdu^ there it no'oocaficm for eftimating 
the number, only M:& bemiifced, fo lhat.94 Q^y ^ ^^KCfni to 
it} weibaUfli$«iojuK^hcrplaoehowthit,maybed9neatonoe 
bythemder. . ; "; __ ., i' .. r 

^ a carefiil atteiidpn to ^ manner of iolvini^'«i^ quefbooty 
it will be eaf^ to apjp^ the flUertQ any. other queftion in thib mlf 
of three, whedier dutd or invert j or any thu^ dfo Uiat it per* 
ibififted' hy muMplictHni or dhrifibii. •; -' ' 

We 4allbi^iRkl «»fow ckaiApkt iftafaOiiiingiiittk a^ 

Ofmeajkring Plettk: ' 

We obfonred In C%. 4* St&. 3. that all plank it oonfidered 
at an oblong ^Iquare^ and- meafiuediat a phun fiirftce, without a- 
ay regard to the thkkneA} and ^ att ithe viftiedef thereof may 
be reduced to ^ rule 0^ three by the 'following pr6portions. 

. .1 : leagfli la fett:: breadth in feet: 1 \ 
' It : kngdi in feet t : bm^ bi incbt4 yareaia6el. ' 
144 : leogck in iocfaei : : brMddi in incfaet : J . 
- -: L EX. 
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Stcr. IL Of Oi^Line tf Numitn^ ^ ^% 

:\ .: *• M A j: a 

« E X. A'. Aft Jr L» £ S« . . • 
Let there be 5 planks of the &Uowiag ditncnfioiw./ 

L. B. I^ : B. Area. . L. :& Arai< : : r£^ ." - B.Aret» 
f. in*. ' f. : :f« ^ :<• T ^ £ ; ia» • & iiu , ift f. 




1 Here etefy cbmnple k doae i4ifl^cift|.iK^^ 
may be ^eiy ufetul for provk^ pc cxampl^s^ of wb^h bur. r^r « 
ders inayiuriuiK j^^^ ^'many.asi th^yl 

pleafei,' the above cootaColng 15 m^ i;ule pt! 

three^ whii^we|»d^^ purpofep T^v foluti- 

€08 will i>e ifiound as be^oit directed t ^orif i at the begiankig of 
the fiider beaccouiited 1 tenths i in the ihiddle will be unity. If" 
then duB I, in dij^ m^le, of the |l|do*, be fet.aeaioft 2o» oa the 
nik; then wfll 15011 jtk<i.rb]ieWagaiQiE 75 Or. if 

li befeta^dnft^2o>'thA^n i^ ^^,beagaihft 9;? AncF if 144 be 
fitagftihft 240^ f^wiUlUwwifebeagaii^ TheHkemaybe 
fiddofaUthereft ^ \ . 

- Wib l^iite fliewi» kdbto hcmt thli iMy be diDBe ^ dke pM^ «M^ 
bjr findii^ the fvperficfal a»ttnt» •» if it wss^pUdUE; • This muU : 

SliedkvtheAicJuielsiaiachetk ud the prodaA diivid^d b}r 12, > 
s 4oi>^t witf be tin cmilMt i» li»& So chat ]ia» tliC0C'' will lie 
two oj^ctttSoati The ptopertions- aie» . 

»^. ixtliengdkin feet ::bEead^iDiiidte9: aiea.m&ec. 
a/. i'« : area ia feet : : ttickneii in inches : concents ia feeC 
Or, 1: bseaddkiniincfe»::tfaielciiefiinihches. afecRthnambeK. 
Anil i44:fQiurtfiiutmbcr:]ie|igMiiafibec::coofieDtsiafeet. . 

73iat itKiB^tipfy ^ kta^ hj t&ft.tfaickaeft»ifrbodi.beibche^~ 
Mid Uiii i»odiii£b by the li^eth in &ct ^ divide ^Uft prodaft hy 
144^ lite qnodeot will be we content iik£eet» 

•• N» • '. . . ■ EX»'- 
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EXAMPLE. 

Required the content oTa piece of omMr 20 feet long, tS 
uchesbroad,/«Bis5!iti4»»wiil ^^^ ''■ • ! i; ■ : ^ - ' -:h Jx! ' 

• ■ -ijf. #2 : ao :>'»rii^ Jj .:» /. t&i : i5.r[»7o a ..I 



1 

; 

I 

i 
■> 
I 

J <; !: ;:: •! 



»[» »! ic^%;llJH>fl.^ 

the 1 , . ^c pou^t 12, 

as 2o, ^6, &c, are to th^„ridit h^d of.^e point 12 upon the 
upper luie. In readin^ltie i^ertedike^' ^ begin at the right $ 
ao^.beoM4r«A^<4iftniteO't)««««ixie mA'.tAfhmotf^ ij^iJiat'hfc- 
ViwkiiAiatd UNki. the/inlrertqfi liMjbogittlitt- t>4h fiMr XiWcmldri 
e)^twlihq3nMiduhousiul«6(Ih4nuilc9»^ : ......: . j v . ... i 

..Njbiwrtti»flidn:>lkavil]ipbvQtdiiuMO(liiim gilidiiflQd: i 

exadly a$ the upper line, it'.^i»Ufi&dtoli9fot^;.*Vha$«)K«:jinqfttI»»}' 
Aider be nipv^dL the,^int. i2 u^n ^e UDper line pn the, rule, 
and the ooint lA y^>jfin/Uj6 lower line b^'t^ 
agaiaj^tppferoanu^abci:* .' Tj 




Rule. Firft find ahydf the three giVefl ^ntinibefs upoft the iii-^ 
verted, line; then as this number u^n the inverted line : is to ei- 
ther ^ the two given numbers &pon the Aider : : fo is the third - 

given 
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SVen nninber opon the npoer line : to the content In feet upoa 
« Aider J obferving that the upper line upon the Aider, com- 
pares with the upper flls upo^ jQie ^e,; fui(£^e Tower line upon 
the Aider with the inverted line. 

As in.tbe fQr^oing,e3campl&} fuppofe a piece.of timber -i^o. feet 
long/>»9iJk^ j^roiti, «iul i/ XBchesildck-$ let r jtoiiiheinwrted 
line, ag^ft i8 on the Aider, and againft 2o on the^ upper }iji^ 
fmfiHSiii j^^pti^^ibtf^; -^e'^hitenf t^ fatlMi' as- By m 
ttnf^itptM^iatiA^' '■/ •• '"■■ ' - ' '"' ■■• • -' f-' '. • • ■ I. 

t^1%«fdii^ft^-tiiis>%ifi-a^pea)' Veiy pladi-, only hf donfidering 
ia -fffctti mutm^ k < is- pttfynsed -W ^wv <»p<if4t$bn£ri: itnd diddng^* 
ii636l<ttitM tei^fiilbi^ >aii-iSk6 at>paf ' fihe^ tHUl \Wfr it com^' 
pare8{ For firft, to find the fourth pibpi^r^^tia^'tGr t2i i^tix^i 
wi^dnir^ifHAtlt cMt'tA ly i^it hj^aiii^ iz ntfonr the t^ 
pir.liae'^ lu^whmi initA^pdi&ietii: ^±martm^IBate^v«ilidesL< 
gui^ ic upon the inverted line; 196# ttui Totirtb nuinbefWiS 
l»i6k-^ hM tMpkfOi'Wy^pbt^'lS&^i^^ wiftbe 

£rom i2 upon the fame line, that i8 is fi-om 12 upon -^ffilrei^)' 
oc which is the famftthii^ .(hat 18 Jiipw the Aider Is from 1 e 
upon the inverted Kite ; when We mvHr thtf Aider to the left 
hand, to: hf}t^j^ «, .tb» lyustb Aii|id)«c^ ta TXJOfnn theupfter 
line^ ; tfaq =sqiW(^ umok ^ Aidg) WiHtlikmvtife 'oome as:ftr t4^- A(r 
lefiL aa^ tliiwf%ti i^Mc ugawft »^ npenitheitrnMBdlioc^ mkhhf: 
> pi^iWfy^ihiog.,}m<jv^J&ui^^ thsssik:.' and wftewlf • 

is tfiJuBs^iret, X a^ittiifih tj^;u9pen4i8d vrfih ttea^unffc tften^drffeflfttfi'-' 
her on. the Qkd/t^ }■ fu|d thcbGonleot,; wklmit- vcmiag tha flkietv 
will l»eiqu^dr up0n^ it^^9li«ftr|20;)4ioikdie:i^pe^ 

i:hp^/|Jl|l)b^lkiis<lBe4^u^)d>a|la■/|w^ 
hf th9 loa£l,< wt^ch iS'S'^ 'ibUd'feebi - Tha foUbwii^ pntp^bfi' 
vm ^cve< to, fii^ Jx>^ Qwifr-ii^peeAdaifect of plank will make it^ 
load, i«2; As Utti^he^thidS: i6ttti2,:;ibift50theibtidfe^^ 
io a^|^d£ ^ tl>& iti|]er$qia]r>|^li . 



.7 ■> ' i 
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.<HoWmMj'fupei£dai^;of 2, 3', 4^ liJcftef .^^n^ Wijl'makiJ 
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8 E G T. m. 

OfthffigkLifie commottfy tatttd the girt Lkif*, 

TT was ob&nred tiefere in tlie coDftrv^k>o 9^ thk Ka^ tb«lt 
I the finuet upon it are douUe the diftance from one another,, 
that die ume figures aie npon the doubly and triple the diftanoe 
that they are opon the triple line: Atfo dut the cube «id&|aar» 
roots were had by inipedipa. Wefliallopwfliewthealeofitla^' 
jneafiiring timlxr : And firft, •, 1 : . 

Cafe I. When the timber is ibnare, th^t is* when^the bieadth.- 
and thickneft are both alike, snii given in ind)cs» aodtheleng^ 
in feet} to find the content in ieet > 

BmU^ Set I g upon, the gir» againft the |eng^h on ^ do»bfe .line^. 
and the content will be oq the dpuUe litne, ^ainft the^thicknefik 
on the.g^. ••.-.■;/■:•■- J 

E X A M P L E. 

Reqiured the'content of a pkce of timber 8 inches diick, anJ. 
9 feet long. Set \% upon the gir^ againft o upon die double linej; 
aaii(Msintt8i^pontiiegirtwilibe4ttp(Mitnedoobblme} tiMve-i 
quited content m feet. ' Tfab reafon of Uiis willappear very j^iun. If 
we work it t^ the double line, the propcrtioa will be 244 : (8x8) 
I14: : o : 4} io the extent 60m 144 to 64 will reach fifom 9 to 4$ 
and ii we move the fUder till i^ i^pm it, be agunft 9 upon the- 
doable line, then will 4 be a^unft 64. Now, if inftead of 144 
and 64 upon the doable line on the flader, we take 12 and 8^ the 
roots of uefe numbers upon the «rt line j they being the fiune- 
diftancefix>m one another, th^ v^ perform the fame ofiieej and 
becanfe 144 is always the firft term, and the iquaie of the thick*-- 
nefi tlw fecond term, the rule Mall be generaL 

This might likevrife be performed by the double line without 
mavmg the Aider twice : The propottions will be 12 tS t ^9 : 6» 
Kow vriien la is fet agunft 8, then vfi\ 6 be the fourtii prc^^MK- 
tiond to tile three firft numbers; and in the next tiuee number^, 
this firft and fecond terms.being the feme as before, these wHl be 
JM oGcafion to move the ijider;;. only lookibr 6» tike fooctii num- 
ber 
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ha befer»6ftttiS/0f»ofiitl^ &a» Ikie.with fbe 12. *t^ tpSac^ it 
you'll find 4, the c6nteat;:upon the fainie Iwe with the 8. 

Cafif 2» When the breadth and thickneis are unequal, to find 
the contents by the g!lrt line. 

Firft find » mean proportional between the breadth and thick- 
nefi^ in indies ; then iet 12 upon the girt, a^ainft die leng^ in 
feetlupbD dut' dbiiibie line %nd againii the laefta op(» the girt }. 
will we tbe cmttena in ieet upon the douUe line. . 

£ X A M P L >E. 

. . . ■ . . , - . 

. Reqnieed the oontenH of a pieceof timber 20 feet. long, iS 
inchcKbcoad, ^nd 15 inches thick. Beft>re.thls caatw done wo 
muft find the meaa thos. ' 

Look fiir either of thiekiTen jM^ber^ fiippofe 18,, upon the 
double line, and move Uie lUder till ^uf number, is oppofite to 1 8, 
the fiune nundier, upon the girt line 1 0ien lOok 6k. lj, the odier 
given mumber, upon thedodbfe line, and Maipftit you'll. £^ tfte 
mean required uprni the i^Hm^ which wiU be a little more than 
16.4.S and when 12 upon -the gkt is fet agpunft 20 od the douUe 
line i agsunft the mean on the gvt is 37 T».the cootent on the 
doiibkune.' 

C ftitk is plain that this mediod requinet two operations; one t6 
find the mean^ and. the father to iet 12 to the length; ib.thatJt 
ivill be better toujfe the iorerttd line, as befi)redirtaed. 

To denKMiftrate the reafon of this. method of findii^ the itocan, 
it mnfit be iobierved, that to do it fay die pen, die two], nlim- 
bers muft firft be mul4plied into one another, and then the fquare 
root of. the produfk will be diemean required. Let the two num- 
bers be 3 and ^7$ thdr produft is 81, the fquare root of whkh 
is 9, the mean required J for 3 X 27 ss 81 ss 9 X 9. 

Now to do this by the line of numbers, we muft firft extend 
finom I to 3 } that fix)m 27 will reach to 81 : And to find the 
Ibnare toot of 81, we-muft^find die middle point betwixt 81 and 
the beguming c{ the li|ie$ but thu vnW be exadly in the middle 
betwixt 3 9m 271 for let the extent firom i to 3.;upon the line 
of numbers, be 'rtpreiimttid by the line a 6} and let c be die point 
271 the extent alCtt fiirward fixMn r, will reach to the piroduA 
^i at ^ Now to find X, the middle of the line a </, divide ^ f in- 
W two eq^ part^ which will give the point required^ Pbr 

•"" " •«^, 
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ibnt from the points, the nuddk of 'the Uiie.r - ;> ^ < 

. ■ • '..■'. r. '.' ■ 

• » »■ ..... _»•, 

tf 9 X e. > m ■ 

I — •' I " 1 ^-^1 J 

I $ , , . . 9 ^7. "' 

. The figwm on the girt fine* as wa obftrved l)efeift> iK:^<»t 
bte the diftance from one aius^er, tbat.lhQ£uBe)fi|pra4if.ujXN» 
the double : TherefcM-e when 27 od the double line, is fet a- 

r' ift 27 on the gift, 3 -on the double -lin^ which thdi will 
againft 9 on the girt, muft be die middle point betwixt 3 
and 27 upon the girt, which may iM-pioped l^^ s pdc^of 
conqsafts) though ttefe-two- numbeai 3 and ii% ate oot to fas 
found.upon the girt line, which begin* oh^'flKW of 'the ilidii^ 
mkt at 4,. and' end* 9t^ 40 : Now ft 4» vcty-plan, that if the 
line was produced to theleft, oTa (Uftcknt laigS^ tafacgin wilb 
I, lliat {toiot would be-as iur to the left of^;, '"as 10 is »id»kft 
«f 40s and 2» and # wevM likewise be at &r ta tbK!cft«f4, ^f 
so4nd 40 aUB t» the left of 40^; •siid if ^isxteqt Wm^fo ta^ 
be added to that botwixt 9 awi 4^ djdf»«ii« loll be £»id 
t» the extent betwifacfc 27 gnd 9. 

The reafon I prefume, for callmg die fingle line d» gjut&ae^ 
is, becaufewheQthe^ittfteiiof diec«cuib&i«nbB(isit|ken<6(ithe 
fid& of thei %iare^ the treetis> girC*it wldi a lias; and tfe JntaiGkb 
and thickaefrbdng^Aipfioied equals thai oootBUt Wilt bdsebdilgr 
fonadtra'thisllbe} and the realb» for be^aain^at 4 willap^bar 
by the fottbw&g e»|flp)69ii ^ • . > . » .' : t ;: 

..IT ;x/.A.: vL V % K s:. ;. v;.-;! 

. l^t]iMt.be 3f«0c«ef limberoCjoftefijCftd^iJ^ 

and thickneAre^^ 96 belosvv : . ..;<>.: 

hang. TWct. Content* 

••■ • 30- •-•9 ''ift-^y-' ,■••'' - 1 -.r.'.'' 

■• \ -JO- • t.3.. ::• .'looji. .:'. '. •: ':• 

If the, ^ lihe ii^ins at i» when ^2 upon {t i^ iSk i^}Ui£((f ^d 
•pon t^i^ dpuble Uois,, th^h.S ao^<^ will be bejiond; dilb endx^lT me 
doublie llofli^ 1(0 th« contesi oahoot be W« uole^ we pt>i&rve 
w^t poittt of the gift. line, i^ jagaihlB i.zt the cn^ Qf Ae" )3opb^ 
Une, and then'brihg x at the beginning of '(tut SiMi line' agiinft 

the 
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S EC T, IIL Of Se Line of Numbers. ^ 99 

the fame point j whereas by beginning at 4, we can have the content for 
any thickncfs frpm 4 to 40. 

But this line may be adapted to feveral other ules : We fliall only men- 
tion the three following, 'viz. 

ift. The length and breadth of jj (hip being given ; to find the tonnage. 
It was obferved in Exam. 7, SeSl. 2. that the method of doing this re- 
quired two operations, viz. Firft to. multiply half the breadth by the 
breadth 5 then, as 94 is to this produdt ; fo is the length of the kcd 
to the tonnage. Now if we double the firft and fecond terms, their 
produdls will be proportional to the third and fourth terms as before ; 
the double of the iecond term is equal to the fquarc of the breadth, 
^d 188 is the doubly of 94; therefore 188 is to the fquare of the 
hreadth ; as the length of the keel, is to the tonnage. So tfiat if 188 up- 
on the double line of numbers on the Aider, be fet againft the length of 
the keel upon the double line on the rule;' then will the tonnage be upon 
the rule, againft the fquare of the breadth upon the fliden But if, inftead 
of the firft and fecond terms upon the double line, we take their roots 
upon the girt line, becaufe they are the fame diftance from one another^ 
the tonnage may be found without ifabving die flider twice, as in the fol- 
lowing example^ where we fhall take the fame dimenfions as before. 

EXAMPLE. 

Length of the keel 93 feet 4 inches, breadth 32 feet ; required the ton- 
nage^ ^ ' 

Rule. Set the tonnage point upon the girt againft 93 feet 4 inches, up- 
on the double line; then againft 32, the breadth upoa the girt, is 508 
upon the double line 5 the required tonnage. 

Note. The tonnage point upon tlie girt may be found by fetting 10 upon 
the girt, againft 10 upon the double line; then againft 188 upon the 
double line, make a mark upon the gkt, which will be the tonnage point. 
Hence, if the length and tonnage be given, and the breadth required ; fct 
the tonnage point againft the length upon the double line; then tlie breadth 
will be on the girt, againft the tonnage on the double line. But if the 
tonnage and fn-eadth arc given, and the length required ; fet the tonnage 
upon the double line, againft the breadth on the girt ; then will the length 
be on the double line, againft the tonnage point upon the girt line. As if 
h were required to find the breadth of a fhip of 300 tons, the length of 
the keel being 78 feet : When the tonnage f)oint is fet againft 78, then will 
27, the required breadth upon the girt, ht againft 300 upon the double 
. . O line: 
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line : Or fuppofe the breadth 26 feet, and tonnage 280 ; reduired the length 
of the fceeL Set 280 upon the double, againft 26 on the girt line ; then a- 
gainft iEhe tonnage point is 78 on the double line^; the required length of 
the keel. So in this gafe, one foot in breadth will increafe the tonnage 20 
ifeet, which may be feen without moving the Aider. 

2d. To find the content of a tree by the girt h'ne, the diameter and 
length being given, and fuppofing it to be heWed fo as that the two wanes 
fhaU be equal to one fquare. 

We obferved before, that Tf by the wanes be tindet-flrood, what the fl^ 
wants to compleat the fide of the fquare, the proportion would be, as r 80, 
IS to the fquare of the diameter in inches ; fo is the length in feet, to the 
contents in feet, tnfteadof the two firft terms lipfeh the double line; take 
their fquare roots upon th? girt : Tlid root of 1^80 will be found nearfy 
^34, but there is no occafion to eftinaate the value, but only to find the 
point, which will be done by fetting 10 on the girt againft 10 on the 
double line, apH the point wUlbe upon the girt line againft 1^0 upon 
double line, 

E X A M P L E. 

Suppofe a tree 20 feet long, and 30 inches diameter : Required v«4iat the 
content will be when hewed, fo as that the flat fhall be equal to half the 
thicknefs ? 

Set the. point upon the girt, fqbnd as Qow dire^qd, againfl 20 on the 
double line; and againft 30 on the girt, is 100 upon the double line^ the 
required content in feet. 

But if by the wanes, be underftood the round parts of the tree where 
there is no wood taken ofl^; the proportion, as was before obferved, will 
be, as 193 nearly, is to the fquare of the diameter > fo is the length to the 
content. In this cafe we muft itiake ufe of the fquare root of 193 ; for 
which purpofe we may find a point upon the:girt, in the fame manner 
las the point for the root of 180 was found. Now if the point for 193 
be fet againft 20 ; then againft 30 upon the girt, will be 93 on the dou- 
ble line J wJiich is yper Cent, lefs than the former : A cylinder of fuch di- 
menfions would meafure onlv 98.17; (q that by hewing the tree till the 
fquares are half the thicknela,' it will meafure near 2 per Cefit. more than 
the full contents of the tree, if there had been no wood ta,ken oflf. 

id. Tiiere arc two points generally marked on this line; one W G, 
the other A G, for wine and ale gallons, their ufe is in gauging ; for a 
wine gallon C9ntaining 23 1 cubic inches, and a circle whofe area is 231, 
.having for its diameter 17.14 inches: It is plain a cylinder of that dia- 
meter 
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meter Y^ill contjiin ^ many wkie gallons as, it is inches ii\ heigjit j there^ 
fore if" the length and n>ean diameter of ^ny calk be givei;i, the wine gaU 
Ions that it will contain, may be found by the following proportion. 

As the fquare of I7,i4 is to the fquare of the mean diapeter ; fo ^ ihf 
length, to the content in wiijie gallons. '. ' . ' .' ' ^ 

Hence if the gauge point W G' upon the girt line, (which is. the fquare 
root of the firft term) be fet againit the length on the douole line ; then 
the contents in wine gallons will be found oh the double line^ againfl the 
diameter of a cylinder^ or the Qiean diameter of any cafk upon the girt 
line J but if ale gallons be required, we muft make, ufe of the point A G, 
which ihould' be exaftly at 1 8.94, the jUameter in inches pf a circlq^ 
wh9fe.arQa is 282, the cubic inches in an ^le gallon, , \\ 

SECT. ly. 

:. . ) Of the triple Line of Numbers. 

IT was (hewn in the conftrudion of this line how to find the cubes, 
and their roots by infpedion. We fliall now (hew how to find the di* 
mqnfions of fimilar folids of different contents, a3 for infta^ice : JSuppole a 
fhip of 568 tons to be 93 feet 4 inches by the keel, and 3.2 f?et broad, 
and it be required to find the length of the keel, and extreme breadth of 
a fliip' df 400 tons. . ! * .1, 

This was performed by thi logarithms in Chap. 5. £x. 4. where it wis 
obferved that the prc^ortion is, as the tonna^ of one £hip, or the content 
of any foUd, is to the cube pfthc'kecl, or of aay other part .j fo is the 
tonnage, or the content of alny other fimilar folid, to the cube of the re- 
quired keel, or any other finpilar part : Hence 508 : 400 : : cube of 93.4 
to the cube of the required' keel 5 and the extent from 508 to 400 upon 
any line of numbers, will reach from the cube of 93.4 to the cube of 
86, the length of the required keeL _.But there will be no need of finding 
the ciibe,' (which is the fourth proportional: tOi the. three given nupbeft) if 
dic riJot 6an be Found i Now the cubes of any two numbers arc three 
times the diftAnce fi^om.one another that the roots are upon the fanne line ; 
and becaufe the two tonnages are the firft and fecond terms, they will be 
the Iknie diftanice from one another that the cubes of the keels are, which 
ar^ the third -and Jfourth teniis,! and therefore their roots will be one* third 
of the dhlanca from. one another that the tonnages, afe 5 which vin this 
cafe "are 508 aiid 40a. Let the diftaftce then betwixt thefe twonuttibers 

O2 be 
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be divided into three equal parts, one of which being fct back from 93.41^ 
will r.each to 86, the length of the keel required. 

Now^ as the roots are the fame diftance from one another upon the fin* 
gle line, that the cubes are upon the triple line; the keels will be the 
^me diilance-froni one another upon the fingle line^ that the tonnages 
are upon the triple line. .Therefore the following method may be ufcd 
where there is a cube line adapted to the fingle line. 

Rule. Set 94 feet 4 inches, or 93.3^, the length of the given keel, up- 
on the fingle line, againft 508, the tounage upon the triple line ; then a- 
gainft 400 upon the triple line, is 86 upon the fingle line,, which is the 
length of the keel required. . And when the Aider is thus ffet,, we have, 
by infpedion, the lengths of the keels of all (hips that are ffmilar to thfs, 
be the tonnage what it will : For if the tons are found on the triple line, the 
lengths of their correfponding keels will be againft: them on the fingle line.. 

The like method may be ufed in finding the other dimenfions„ as in the 
fbllowings table, where the diujenfiopiof a fliip oCjoS tons are fuppoibd tot 
be as in the columns in the upper linej and are pretty near to thofe of sb 
(hip of zo guns ; the other tonnages are nearly thofe of 40, 50, &c. guns. 
We have in each column fct down the real dimenfions in feet and inches, 
below thofe found by the rule, which are in decimals, that our readers 
may fee that fomc dimenfions arc pretty near fitmilar m all (hips, and a- 
. thcrs arbitrary. 
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It muft be ofcfervcd, that as every figure is three times placed upon the 
triple line, it will be indifferent in what part of the line the tonnages are 
taken. The only thing to be regarded is, that the Aider muft be fo placed, 
that all the tonnages whofe dimenlions are req^uired^ be againft fome parr 
of the finglc line. 

• Now, if the firft 5 on the triple line be accounted 500 ;. when 93.4 ir 
let to 508; 40 on the fingle line, which is now 400, will be againft 40000 
on the triple line; and. 64, which is at the beginning of the triple line^, 
will be againft 46.6 on the fingle. So that in this pofition,. the numberr 
upon the triple line betwixt 64 and 40, will not be againft any part of the 
fingle Knc J for there will be no numbers lefs than 64 upon the triple line^ 
without akering the value, of the figures 5 but 4 at the beginning of the 
fingle line, wii> always be the fame diftance from 64, the beginning of the 
triple line, that 40 at the end of the fingle line, is from 64000 at the end 
of the triple line. As the Aider is now fct, 4 at the beginning of the fingle 
line is accounted 40 ; and becaufe the diftance betwixt 64000 and 40000,^ 
is the fame with that betwixt 64 and 40 ; the value of the figures may 
be altered, and 64006 at the end of the triple line may be called 64^ and 
40000 will be 40. But we muft likewife alter the value of the figures oir 
the fingle line ; and 4 at the beginning of the line muft be four units, and> 
40 on the triple, will be againft 40 on the fingle line;. 20 on the triple 
againft 31.7 upon the fingle, &c. as in the columns : To find the figures* 
betwixt 64 and 40, let the fecond 5 upon the triple line be 500, and 
the Aider fct as before direfted ; then will 40 on the triple be againft 4, 
which is at the beginning of the fingle line, but is now accounted 40 ; a*» 
gainft 50. on the triple, b 43 on the fingle >. againft 60 on the triple^, i^ 
45.75. on the fingle, &c^ 

In the £ime manner the extreme breadths to any afiigned tonnage may: 
be found, fuppofing 32 feet to be the extreme breadth of a fliip of 50$ 
tons : Let the third 5 on the triple line be 500, and when 32 on the fina- 
gle is againft 508 upon the triple, then we have all the numbers belo\^ 
640 upon the triple line ; and i upon the triple will be againft 4 on the 
fingle.. But if the fecond 5 be 500, and the Aider properly iet» 990011 
the tripfe line, will be agamft 40 on the fingle ; and a& in this pofition 
we cannot find the dimenfions correfponding to looo^ and the numbers 
above i< ; we muft in thefe,. and fucn like cnfes, obferve what point of 
the triple line is againft 40 at the end of tlie fingle Tine y and draw out the 
Aider tilt 4 artfae b^inning of the fingle be againft theJime point, whlch^ 
lA this example is 990 : And as the value of the figures upon the triple line 
are not altered^^ 4 upoa the. fingle line muft be accounted 40;. and thea 
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againft looo is 40,1, againft 2000 is 50,5, Gfr. the breadths corrcfpond- 
ing to thofe tannages. Again, let 5 be fome given dimenfion of a fhip of 
508 ton ; if the Aider is properly fct, 260 on the triple, is againft 4, the 
beginning of the fingle line ; and when 40 at the end of the iingle line 
is accounted 4, and brought againft 260 on the triple; then againft 100 
on the triple, is 2,91 on the fingle, againft 10 on the triple^ is 1,^5, a- 
gainft I on the triple, is 6,25 on the fingle. All the othei- dimentions in 
the columns are found by the lame method, viz. by fetting the given 
dimenfion to its proper tonnage ; and to prove the work, after the lengtb 
of the keels are found, we may ufe the double lines of numbers as before 
direded in Ex. 6. Sedt. 2. of this Chap. Here the keel of a fliip of 400 tons 
is found to be 86 ; when this is fet againft 934, the keel of 508 tons, againft^ 
32, the breadth of 508, is 29.6, the breadth of a (hip of 400 tons: And 
as all the dimenfions in the columns for a fhip of 508 are known, look for; 
them on the fame line that her keel is taken, and againft them will be found 
the correfpQnding dimenfions for a ftiip of 400 tons. 

T^he tonnage of a Ship being given to find the Lengtb of the keel^ andex-i 

treme Breadth. 

Before this can be done, the proportion that the length of the' keel 
bears to the extreme breadth muft be determined 5 which fuppofe as 3' 
to' r, and then fix times the half breadth will be the required length* o£ 
the keel. ♦ Now,' becaufc in finding the tonnage, when the length and 
breidth are given, we- are* directed to multiply the length by the breadth/ 
and that produ6l by the half breadth, and then divide this laft product 
by 94, and the quotient will be the tonnage ; it is certain, if the ton- 
nage be multiplied by 94, the prod u A will be the fahie as if tjie length; 
breadth, and half breadth, were multiplied into one another;, and if any 
of thcfe three be given, the others are found by the given proportion 
they bear to one another. We ftiall therefore work for the half breadth, 
which may be found by the following rule, viz. . 

•' Fiirft multiply the giveii tonriage by 04; then divicle that product b^ 
12, and laftly extraft the iquare root of the quotient; and that root wij) 
be the half breadth required. 

EXAMPLE/ 

.^ Let the given tonnage be .127-14; then 127 4t x.^4 :sa.i2qoo, and 
^12000 -7-12= 1000, the cube root of which' is: 10^ the hftlf breadth j 
fo 20. will be the extreme breadth, and 60 the length. ^ .' ,. ; •,. , . 
' ^ The 
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The reafon of dividing the produdlby 12, isbecaufe 12 times the cube 
of the half bra adth, is always equal to the produd: of the heighth of the 
keel, breadth, and half breadth multiplied jnto one another, when the length 
is three times the breadth, as will appear by the following procefs. 

The half breadth 10. 
* The breadth will be 10 x 2 = 20. 

The length of the keel will be 10 x 2 x 3 = 60. 

Now, as in multiplication, when feveral numbers are to be multiplied 
into one another, it is indifferent in what order the operations are per- 
formed*; fo it is evident that 10 x 10 x lo x 2 x 2 x 3 == 10 x 20 x 60 = 
12000, but 10 X 10 X 10, is the cube of the half breadth, and 2x2x3 
is 12} therefore 12 times the cube of the half breadth will be equal to 
'the produjft of^the length, breadth, and. half breaddi, multiplied «into one 
anotner. 

By the Aiding mle, fet 1 2 upon the double line on the Aider, a^ainfl 04 

•upon the double line ; on the rule look for the tonnage 127 14^ or 1^7,66 

Bpon^theHider, againft which is 1000. Then to find the cube root of this, 

fet the Aider fo that 64 upon the triple, is againft 4< on the Angle } thena- 

gainft 1006 on the triple, is 10 on. the Angle; the half breadth. 

But as the length does not bear any conftant proportion to the breadth; 
after finding the dimenfions by this rule, the breadth may be altered, and 
the length of the keel can be had by the tonnage point. There is no in* 
variable rule to determine the breadth, but in 0iips under 500 tons, thjs 
method wAl always bring it to.leis than a foot, and therefore may be ve- 
ry uiefttl in determining proper dimenfions. fi}r a £btip of any number of 
tons. 
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CHAP. VII. SECT. I. 

Of the ConJiruEiion and XJfe of fever al Lines on the Ship- 
wrights Rule. 

Of S ECTOR LINES. 

TH E inftrumcnt called a fedor, is only a rule with a £ood joint, 
containing feveral difFerent lines, each divided into fome given pro- 
portion ; as (ines, chords, equal parts, &c. Every line upon one leg has 
a correfponding one upon the other leg, both exa£Uy of the fanae length, 
and divided in the fame manner; and all the lines on both legs meet at 
the center of the joint. 

It is very ufeful in all the pra£lical parts of the mathematicks, efpeci- 
ally in dividing a line into any number of equal parts, or into any given 
proportion. As for inftance, if it was required to divide a line, asAB, 
iiito any number of equal parts, fuppofe 9, (See Plate 3. Fig. i, 5.) it is 
only opening the rule till the diflance betwixt 9 and 9, in the line of equal 
parts, be equal to the line to be divided; and then the extent from i to 
1,' from '2 jtO'2, Qfr. in the iame lines will be one ninth, two ninths, 
&c. parts of the line A B ; for by opening the rule, the point 9, and every 
other point in the lines E, P, in tSt&^ dcfcribe arches of circles ; and if 
chords be drawn to thefe arches, they will form fo many ifofceles trian- 
gles, whofe bafes will be parallels to one another : Therefore C 9 is to 
99, as C I is to 1 1^ hut C i is the ninth part of the line C 9; therefore 
1 1 is the ninth part of the line 99* 

In like manner, if it were required to make the line D F a line of num- 
bers, when the rule is opened till the diftance betwixt the extremities of 
the lines of numbers be equal to the line D F ; then if the feveral di- 
ftincds fi-om i to i, firom 2 to 2, &c. be fet off from D towards F, the 
line D F will be a line of numbers. 

Another method of dividing a line, as B D (See Plate ^. Fig. 4.) in 
the fame proportion as the line A B is this. At the point B, the end of 
the divided line, make an angle, and fet off the line to be divided from B 
to D^ then draw the line A C parallel to A B, making D 3 equal A 3, 

Da 
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Paeqwl^A^i J3|y«q»»l^^X5 iPraw4^1inc»AD, 33»2a,ii:. The^ 
thp triaaglfit B| 4, Q zh, B 3 <r, B AD,.bdng limlU, B A : BD : ; 6 3 ; 
8tf:fB2rB^i:Bi :Ba 

But ttefofe aoy of thef« methods 4:an .be ufed, the lines on the rule 
mufi be divided by fome proportion given in numbers, or from the equal 
divifioos <^ the arch of a circle. 

. The f^Ss6ft\mfB^ on the ihipm'ights rules^ «^e for, making n^^ifls and 
jaf^ of whiGb there are foqr on each ie^ dirided into the fame .prd« 
portion* tb^ the diao^eters at the feyecal quarters bear to th«t at the 
Hiiigs s ,ii^ch Ueing givep in nomberfi; and expre^d by the fradion, 
mcb qu^clQr iy of ue flings^ tl^ey may be conilqidled tn the fbllov^ing 

Make 90 e(|uil2|t<a^ triangle A^ C .(^V^ 3. Wig. 6.) From the point 
A ietjoiP, «^ the Unes A B, and A.C, the equal pacts exprefled by the &• 
rersl denomiiiatqra of the ^a^ioi^, and draw lines acrofs at theie divifi* 
0Q8. Thon f<!t.(#> on ^efe liojss, the eq^a^l parts exprefled by the refpec* 
rive mustiefaton of U|e firadions, and draw lines from A thro' thefe points 
to ioftBr6£k the line 9C So if the fide of the triangle be fuppofed to be 
1^ dJttieter tt the iliog$> the feveral divifions of the line B C, from the 
foint 3> iriU be thp^^i^mjqtpi^ at the quarters. It will be proper lo t^ 
,$hit £»i^atm$, fJi^Mf 4eii<Mninaton do oot lezceed 100. 

EXAMPLE. 

Let it be n a vk odto conAn/St the line /br yar($9* the quarters being 
the.lbiiovang.fnfiiBM of ;rfw lliiigs. 

^/^.TtfOrl^ tii^<x-?^.: ji. i^,er^. Yard arm 4, or 1^. 

Having jcooftniAed the triangle A BC» let off 84 equal parts, thede* 
aomtnarqr of the fy^ fP|rt«r» livpn A to ai and fit>m A to A draw the 
jbe.tf ^, iwjxich viU he p«nJIel to B C Vpon the tine « ^ fet off 8 1 e- 
Aoai part% the iHiinerator of tl^e S/cA quarter, from a.to c; and draw the 
line A f to inficr^ the line BC if the nrft quarter; Again, fer the fecond 
^laito*, its dcootninAlor is loo} therefore \tt off 100 equal parts from A 
to B» aad^ram A.tt>,C» ivli^ 'm this cafctit. already done, becaufe the 
file of die.c^iflatenl toan^ was piai|e 100, equal forts; tt remains on- 
fy to let 90 .flqval.pRrtft ^ro«i B to the fecQ^dqoarter, and d^w a line 
ftotn A to diii jpoint. The denominators of tht; tl^irfl quarter and vard 
arm, ate Ukewiie 100 ; the namqralor fr>r the third quarter is 70, wnicb 
let off fiom^.io the t^ird qiiartei:, 4nd daw i» lino from A ^ this point: 

? . , Th» 
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The numerator for the yard arm is 40, which fet off from Bto jf A, aind 
draw a line from A to this point; by thb means^ if B C be fbppbfed the 
diameter of a yard at the flings^ ^y A will be that at the yard armj B 
3 qr. that at the third quarter 5 B 2 qr. that at the fecond • and B i qr. 
that at the firft quarter; they being by conftruftion T*"-r5-> t^> -rr, of 
the line B C. - • . . 

Th6 line being 'thus divided, may' be transferred to'dach lag^ofthe 
rule : But if the ru\e will not contain the length of the Kne, 'take filch a 
length as'may'fuit the rule, and with a pair of compares/ §tt tfff<th^ 
length from A to G, and fronj A to F; and draw the line GF, whicH. 
being parallel to B C, will be divided in die fame proportion, and may be 
transferred to the rule. In the plate (Fig. y.) the lines are only draWA 
t6^'A, but if continued, would meet inthe center of the joint. * ** 

The line being thus cbnflraded, and transferred t6 the role, we (haA 
fhew the ufe of it in making a yard ; {Plate 3; Fig. 8. | which foppofe 71 
feet. long, of which A B is one half, and S S, the diameter at the flings 17 
incheis : Having 4ivi^^ the line A B into four equal jparts at the points i qr; 
2 qr. 3 qr. open the rule till the diftance betwixt S and S at the extHreftoitiei 
bf the lines oh tht pile^ be equal to 17 inchl^s, the diameter of tile yard 
at the llirigs j ithen the extent from thfc dots on-the one !e^, to thofe c6tt€£^ 
ponding on the other leg, will gite the diameters at thofe quarters, and at 
the yard arm, from wh|ch thev may be fet, off upon the yard. * But it 
mu(l be obferved, that only tne lull of each oT thofe diameters thus 
Ibiihd,' miift Ibe taFkeii, and that ifet off on each <fidb of the niiddle Cnc 
upon the yard ; for which reafon, in 'pra£tkt^ dt aviE do. better toitake 
half the diameter at -the -flings* and fet the jule^b]^ .(hatj. and .then we 
have half the diameters_at the quarters by the rule* 

The lines A B^ and A C, {Pig. 6. j and the lihis drawn 'from the point A 




rfoppoie 

the diamerti* at the flings 21 -inchefSj ^he'half is '-16 4-; lay a ruler, or 
ftrait edge4 ba<t^n acrofs- the boJird, frttalTo«T irf the line AB, toiCxin 
the lioe A G^ diid'make a mark;upof4 ^ batteh'dt 'eadi uiiterfc^<» 
With the Riies draWafroin-A ipr^the q^jartdrs* SyUhife iin^aiiS' ire'have; 
upon [the batten, 'half 'the diametec' at^ e4(^ quaitef lafc^iyard;a£m ; and 
thefc being^ftt'^biF^ort^iicTifideof thfc i^^ m 

their proper places, wiH give the wI>olo diametirat lii6(i^f|lices. 

Aftei* the T^e hianner%re the lines' foi? itiaiPbs^'boWfpritSy and misoett 
yaitls confrru Aed^ by an equilateral triangle, and froni thence transferred 
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|$CT. L I Of Setlor Linef. jq^ 

to the rules ; the proportions^ or firadtionai parts^ by which the lines arc 
conftruAed) are as follows: 

Uatten I % | 3 Kamlt. ] nnt. Heel. Cap*. Tii4Ai«, 

Mafts 

• Bo*fpritt \ \ .,.. - ; 

' loweri ' 

MizenYard >arm 

. . , . .upperj 

Another method of proportioning the quarters to the flings, is taken 

f/jojXi the divifions of the quartcn of a circle, b,ut the diameter at the. yard 

arm muft be firft determined; which fuppofe ^ of the flings, as before, 

and \ttG^ {rhte.i.\Fig.'^.) rpp^efeiit.the dianietcr at the flihgSr Now 

to £nd the diameter at me. quarters, take tlje following rule.' 

,, ij?. With the radius G F,. defcribe the quadrant G F E. 

zd. Upon the line C E, fct off 4 oF the diameter at the flings, from 
G.tQ e^^ -and- thro* € d^aw a line parallel to G F, to interfedl the arch, ill. 
tf ;.lrpmtf\draw^.a. line parallel to Q Ej, to interfedl the lineG F hi y^ 
jhjen willj^-tf be the'diametieriat the yard^armV^ * :^ 

%(L Ibiyide the I^ie G y into four equal parts/ in the' points i, 2, xl 
and draw the lines i qr, z qr. 3 qr. parallel to G E, which, will be the m- 
ameters at thofe quarters. 

There is alfo another lline on eachjeg;. thefe^meet at the center of the 
joint, from whence they arc numbered i,* 2, Gfr. to f 2 ; the (pace betwixt 
the figures is Dearfy4 of an inch; each .divic^d- intoLi^i ie^ufll parft : So tht 
fpaces betwixt the figures mky reprefeot &et, and the iDtonAediafe divUibni 
inches. * But If if was reqahvd to make a (bale of feet tod ioche«» where one 
quartA: of an iodi, one eighth of an inch,, or any other fpace (haUtt^ 
prefent one foot; it maybe d(nie by:thc!fajme Unesi as.'benve: dirpffa^cL 
Tllus, take with die compafles i£ times tfacfpace intended toreproiCbAl QM 
Ibot, and open the ^etill that reaches from 12 upon; 000 leg to I2^up0|i 
the other leg. Now, whereas the feet and inches of the fcale on the rule, 
are taken from the center of the joint { thole of the other fcale^ mtiAbe 
Ittkeo acro& si thofi poiii|i» 
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1 1* CBAP.VIf. 

8 E C T. 11. 

Of the CoHftfuSlion of the Ten^ Twehe, and Eigh /quart 

Lants. 

THE uTe o{ thefe lines^ is in order to hew t piece of timber fo diat 
it ihali be a prifm contained under lo^ i2> or 8 equal f^es^ 
which arc called fquares } their bafcs will be polygons of the iame num- 
ber of equal fides* 

The firil thing to be done» is tt> hew the piece four fquare; the four 
fides for a ten fquare will not be equal, for its bafe will be a rtdai^; 
whereas the bafcs for a twelve and eight fijuare will be fquares j fo thejr 
muft firft be hewed into parallelopipedons. 

; There are three lines nteeflary for making a ten fhtiare, «/ir. Tfie firft 
for determining the long^ fide of die rjsdbinde \, the fecond for ikter- 
mining the fide of the pdyeon } and the third tor ^determining how mndi 
wood touft be taken <^ the corners to reduce the redangk to « pcily* 
gon. Their chief ufe is for ihjlkingbdrftts»fcapfblis. 

^ :' , To QmJlruB'ihe Ten fquare Lines. 

Upon the line A B (Pi(R^'3. Fig. 9.) ered a perpehdieokr C F» Whioh 
iMke any number of inches, ifappofe one and a Inlf. Thro* F <bliw the 
line DG parallel to AS: From C draw tbe fines Ciki and C «, making 
cash an angk df 18 degrees with the linoC F, io fliall in s be tfae fidfC «* 
a! polygon m ten equal fides^ for th^ aagk at the center it t6 d^fws^ 
tiM temh part of 360; With tfaendnisC m (eqmdtoCn,) describe the 
ibntiAdKlc AmmB^ and ered die pcrpeiu licu hrs A D, B6j &> fliall the 
ttSaaof^ A D G B, be half the bafe of the piece when'hewed into fbor 
£|uwes« Now it is plain, thattfae p^ece will be thscliier cm way than the o- 
ther I for C F is one half of one of the diametMs, aad C B half tlw otheci 
and F m half the fide of one of the ten fquares : To reduce this rediangle to 
a polygon, make /o j, i A, ii /, / B, equal to m n, and produce the lines m x 
and ne,tob and 0, and cut off the triangles Dmb and Gn 0*, cut off al- 
io the triafi^ bs A zxAfo B, fo (hallA i am / B, be half tfie barrel of 
a capfian ^ three inches diameter. If F m be divkied into three equal 
parts, we fhall have the divifions of the line marked B S, {Fig. 2.) which 
may be continued to any length* The ufe of d^ is to find the fide of 

the 
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SktT. Jl. Of the Ten Md Tvfehefquare Lines. 1 1 1 

tJbe ten fqoare, whidiis Aont hf fetting off as many diviiicMtt of this line 
as the barrel is inches dick on each fide of the middle line on the two 
bigfidea^ 

If the line A b {Plate ^. Fi^. 2.) be divided into three eqaal parts, we 
fliaU have the divifions ot the tine marked S S^ which ferves to ihcw how 
much muft be fet off fiom the middle line on the two fmall fides,. viJs. 
9ne of thefe divifions, for every inch of the thicknefs of the barrel, which 
in this cafe will be to i& and 1 and when the wood is taken off from mtot 
bj and firom n to Oy we may make ms and n t, each equal tomn^ al(b e- 
qtial to S A and t B. 

If the line A B be divided into three eqsal parts, it will give the divi- 
fions of the Ime L D, {Fig. 2.) which ierves to £hew how much die barteli 
muft be the biggeft way. 

In making the barrel, the firft diing to be done, is -to hew it to the de* 
figned thicknefs in inches ; which is what is called fideing of it^ and after- 
wards to.lcpfoFe it J that is to hew it the odier way« In order to do ttxis, 
we maft take as teany divifioos of the liaeiL D» as the barrel is to be inched 
thick» fo when k isdiiis hewn, k will have twoUg, and twofiaDAll fides i 
Thew muft be a middle line ftrack ofteaeh fide, and then proceed as direc- 
ted, by fettiiig off the proper difta&ces fi'oin the middle lines j and when all 
thew<K)d is U^n off, diere will remain Bodimg of diefiiK^ fides but the mid<^ 
die line I but of the two big fides there will remain the fide c^the ten fquareu 
. In conflnifting tbtfe lines, it wiU be proper to produce the tines C P 
$nA Cm, tiUCFisfix inches or more^ then will Fmbehalf the fido 
<^ the ten fquitf e of a barrel of xa inches thick, which may he divided 
into iz cqoal parts; thefimejmftbejdone with the lines SSandLD.. 

To QmJIniQthe XJnpfor a 12 Square^ 

Theie are Itkewtib diiefly fer making barrels of capftans^ {Plate 3; 
F^. iou) but here the mece muft be hewed exadly 4 (quare^ for when 
all the wpod is taken m^ the whde fide of the la fquare-will remain on 
all the four fides. 

^ T9m:^ ate duly t«m lines aeccflkiy for redocb^ the 4 %iiare to a 12,, 
and fiirmed itfter the fimetnasmer as tfaoie fw a i4> fquare ; for fince the 
aAgle at th^ ceater of a polygun of 12 eqnal fides is 30 degrees^ ^at C 
tm> aqgks of 1 5 degrees each he made, and the Imes C rand C 5 be 
drawn^ it is pkia r s wilt beihe fide of the 1 1 fqnate^ of which P r is 
•Ike half; whk^lxeii^dftidediiito^equalparts^ will give ^dtvtfions^ 
^ title 4 S : {Fig. 2.} There muft be as many of thefe divifions fct off from 

the 
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lie Of the ^tghtfquare Line. Chap. Vlt 

the middle line on all the 4 fides, as the barrel is indie* thick, and there^ 
lore mufl be fct oflf from A to ky and from B to 0^ as we& as 'from F to ^ 
and 5 ; but the whole wood from r to ^ muft not be taken ofE It muit firfl 
be taken from r to ir, the point where the fide r / procfuoed intdrieds 
the line A D» which is half the fide of the iqaare« A c divided into three 
equal parts, will give the divifions of the line 2 S, {Fig. 2.) which are to be 
fet off from the middle line, on two of the oppofite fides, as from A tor,- 
and from B to » 1 and when the wood is taken off from thefe points to r 
and /, the points d and / may be found, by making r d and s t equal to r x ^ 
and when the wood is taken off from dto b^ and from / to o^ we have 
A, 3, i//r, s^tj 0^ B, the. half of a. 12 fquarc of 3 inches thick; but the 
lines C F and C r, may be produced as direded in forming the lines for 
the 10 fquare. 

To ConJlruSi the Eight fquare Lines. 

Thefe are on moft of the ihipwright's rules. Their life Is in making 
mafts and yards, and fo well known, that we need give- no diredions 
how to apply them ; and (hall only remark, that tho' mafts and jrards 
are round, they muA be firft hewed four fqoare,.each fide being equ^ 
to the diameter of the maft or yard ; wliich, fiippofe A B, {Plate 3. 
Fig. II.) then will the rediangle A G D B, be half a tour fquare, in whkh 
a femi-circle may be infcribed of the iamb diameter with the maft kx yard* 
If from (he center C be drawn the lines .C m and C 19, making each an 
•angle of 22 I degrees with the line C F, we (hall have m n the fide (^a 
polygon of eight equal fides, of which F » is one half; and if this is dt- 
yided into as many equal parts as the diameter has inches, it will give tha 
divifions of the 8 fquare line ; one of which for every inch diameter muft 
be fet off from the middle line on all 4 fides : And bacaufe the diameter 
is fuppofed 3, when that number is fet off from the points A, B and F» 
vre QxaXX have the points r, m^ n^ b : But thefe points may be found hj 
fetting off their difrance from D and G, the fide of the fquare ; fi>r which 
purpoiie th< line nG ox mD^ mufl be divided into 3 equal parts; fo ei« 
ther of the lines may be ufed. 

• Thefe lines are on! foot'rules ; biit there are two lines on the Aider of the 
two foot rules; the oqq fbr.firding dieidiameter'at the quarters; the o* 
ther for finding the length and diameter at the flings of^maAs and yards^ 
We have already (hewn how to find the quarters by .^e Aiding role, which 
requires an operation for every quarter ; but this line (hews them all at 
once» only by fetting a point in the Aider to the ^ven diameter of the 

•; .. / . :..-•:. ,. . - -^flingsi 
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Sect. II. ^ Of the Line for Mafis and Tards. uj 

flings. It is 1^ upper line upon the Aider, and has a ipace for tnzAn, 
Otoe for yarids, one for bowfprits, and one for each arm oi a mizen yanL 

^ofnd the garters by this Line. 

For mails, fct P on the Aider againft the diameter at the partners, and 
againft the figures i, 2, 3, you will find the diameters of the 1 ft, 2d, axul 
^d quarters; againft H S. will be the diameter at the hounds, and againft 
10 A the diameter of the lower, maft head,, but if it is a top maft^ the di-* 
ameter vill be againft T m. 

After the fame manner the quarters of the yards may be jfbund, hf 
fettmg S s^ainft the diameter at the flings ; and agaipft the figures |, 2, 3v 
will h^ found the diameters of ift, 2d, and 3d, quarters ; and againft VA,. 
the diameter at the yard arm. The fame may be iaid of the bowsprit, 
and mizen yard : Onq example vuW be fuificient to illuftrate the whole*. 

Required tie bignefs at the Stjforteriy and T^ard Arm^oj a Main Yard ^jo 

Indxs at the SU/igs. . . : 

Set S againft 30^ then againft i will be. 29,' nearcft; for the firft quar- 
ter $ againft 2 will be 27» ft)r the fe^ond ; againft ^ will be 2 1 for the (hird'j^ 
and againft Y A will be 12 for the vard arm, 

Npte. The Aider muft be applied to a double line of numbers/ 
Before this line can be cpnftrudtcd, , the feropdrtion that the quarter* 
lotzx to th6 flings muft be determined^ .which fiippofe to be as l^tore^ 

f , In 4eclffla]i«. 

Krffi quarter tt -964 * ' 

Second quarter A -9 

•"^ A '\ fhirf qltaftdr ': ,V ^^ 

r .-. • .,. : .-. .. ; Yardarm.^ . t . -4 , , . .... 



^ •.••''-! 



-.. Atatly cw^Meojt {Jftce upoi^ the ffidf r.aifigtt a point forS^ and drasqr 
« fcore at tbat poiAt for the flin^.;. fe£ that point or fcore againft 28, and 
KgatnA «7iiilr8W ^ fco|e u|K>n the flid« for i ; then move the Aider till S 
is againft jc:0,.ii|iv$.agaifift 9. dcaw a fcof:p upQi^ the flider,^ for 2 agaii^ft 7 
draw a fcore for 3 ; then move S to 5, and .againft 2 draw a fcore for the 
yard arm. : » . - - .» ,,,: 

The reafon of this will appear very jflain, if vre find the quarters by 
a pair of compailes ^* for xYmk^yr^ ^e-the diftance betwixt 28 and 27^ 
(which will always be equal to the diftafice> betwixt the diameter at the 
^gs, and that at the firft quarter) but thb is equal to the diftance be-^ 

twixt 
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twixt S and i upon the fiidcr ; therdbre if S be feC agwift the diaiXMrter 
At the flings, i will be agaioft that at the firft quarter 1 th^ Hke majr be 
laid of the reft. 

If the fradtions are alt reduced to decimab, the ftrokes for the quarterSp 
&c. may be remarked, without moving the Aider after S is (et to i, as 
will be found upon examination ; and the cionftru^on of the line will ap« 
pear plaber by the decimals ; for die points I, 2, 3^ and Y, are exadly the 
iame diftance from S, that the numbers .964, .9, .7, 4 are kom i on the 
line ot numbers. There is no difierence therefore between the line on 
the Aider, and the line of numbers, only when the proportion of the quar^ 
Cers, &c. is determined by numbers j as the diftances properly iet off from 
I, to decimal parts, will reach from S to the points i, z, 3 and Y A; thefe 
points are afed inftead of the numbers .364, .9, .7, .4. 

The lower line on the Aider, is for finding the lengths of mads and 
yards, but before this can be done, there muft be a given, proportion; 
the following is generally allowed for mafts, viz. As 1 00 is to 76, fo is 
vthe extreme breadth in foct, to the length ^ the main mail in yards. 

The lengths of the other mafb arc proportioned to the main maft, 
and the points or fkokes upon $he flider^ are laid down from BrK by 
thofe eflabliihed proportions, in the fame manner as the diameters at the 
quarters of the yards are proportioned to that of the flings» 

The main maft is allowed to be in proportion to the fore maft, at 100 
to 89 ; in like manner there oxuft be proportions for the mizen nuftf 
bowfprit, main, fore and miaeo top malls, topgallant mail and fprit iaU 
top mail; by thefe proportions, the points or ftrokes, are fet off for the 
difierent mafts at proper diftances fronoi B r b^ 

To fndthi Leingtbs of the Mafts kf tbelani. 

Set Br b againft the extreme breadth in feet; then the ka^gths of all 
iSkc mafts will be againft their refpe&ive divifions, Whaeh uc ^ ififtin** 
guiflied by letters peculiar to each ; and at the ianie time^ tl» lengths of 
their heads and hounds may be found, there being pecofiarletfiers lor 
that purpofe, and thole for dUtindion's fiJce are acrofi the flkleF« 

Thus 2 JFormunmafthead. 

^ jFor main maft hooadi. 

EX- 
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EXAMPLE: 

Required the lengths of the mafts of a (hip whofe extreme breadth is 
50 feet. 

Set B r A againft 50 ; then the lengths of all the mafts, maft heads 
?nd hounds, will be found againft their refpedlive divifions, diftingui(hc4 
by letters as follows, viz. 



M Main maft 

F Fore maft 

Z Mizen maft 

B Bowfprit 

M/ Main top maft 

F / Fore top maft 

Z / Mizen top maft 

M^ Main top gallant maft 

F; Fore top gallant maft 

S / Spritiail top maft 



Lengths, 
Yards. 
38 ,0 

33 i 
32 i 
24 

22 
20 
16 
II 



9 
8 



% 



Head, 


Feet. 


15 


.8 


14 


.1 


12 


.2 


6 


'75 


6 


.1 


4 


•75 


*3 


.25 


2 


•9 



Hounds, 
Feet. 

•S 

•7 

•4 

•9 
.28 

.26] 



6 

5 
4 

2 

2 
I 

I 



The lengths of the yards ate proportioned to the length of the gua 
dedc, and eftimated in the £ime meafure that the gua deck is, and are 
ibund in the fame manner as the mafts are. 

Set GD againft the length of the gun dedc, and the lengths of all the 
yards will be found againft their proper letters, as in the following ex- 
amples, viz. 

Admit the gun deck tolje 174^1$ required the lengths of all the 
yards. 

Set G D agabft 1743 then the feveral lengths will be found as fol« 
lows, v/z. 



IM The maSn yard 
F The fore yard 
Z The mizen yard 
M/ The main top £ul yard 
F / The fore top f^ yard 
M^ The main top gallant yard 
Z / The mizen top fail yard 
F^ The fore top gallant yard 



Feet. 

62 i 

49 
47 
43 i 



To find the diameter of any maft or yard, firft find the length in feet' 
SttYh againft that length, and you wUl find the diameter in inches a- 

Q gainft 
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gainft the letters, reprefenting the maft or yard, whofe diameter is re- 
quired as in the following, n)iz. 





Feet. 




Diameter. 


Main maft 


114 


Lm 


38 


Fore maft 


102 


ditto 


34 


Bowfprit 


9^^ 


B 


48 4 


Main top maft 


69 


T» 


20 \: 


Fore top maft 


624- 


ditto 


18 4 


Mizen top maft 


48 


ditto 


14 .4 


Main top gallant maft 


33 


— 


9 -9 


Fore top gallant maft 


30 


— 


9 .0 



The letters L m fignify all lower mafts. B the bowfprit. T xw all top 
mafts, and top gallant mafts. 

The line jfor finding the lengths and diameters of mafts and yards, is 
put upon the infide of the Aider on the foot rules. 



i:be End of the Firjl Part. 
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THE THEORY OF 

SHIPBUILDING and NAVIGATION. 

P A R T IL 

C HAP. L 



Of the OrthograpUck projeBion of Solids on a Plane. 

TH E chief deiign of delineating a houfe, fhip, or any other 
folid upon a plane, \& to fettle the juft dimenfions, and fyme- 
try of its parts according to the icheme of the builder. 
When this is done by mathematical rules, we can find the 
exad: length, breadth and heighth, not only of the whole, 
but alio of any particular apartment on a fheet of paper. However, as 
a plane has but two dimenfions, vi%. length and breadth, and a folid 
three ; they cannot all be reprefented by only one projection on the fame 
plane. 

A plane is an even furface, to which a right line may be every way 
applied, and upon which there are feveral ways of projefliing folids. 
We fhall ctoly ircat uf the urthographic projedion, as bcft fuited to our 
purpofe* 

Before any folid can be reprefented by this way of proiedion upon a 
plane, it muft be fuppofed to be cut by feveral planes : Thefe are called 
plain feftions, and will form even furfaces, which having but two dimen- 
lions, may be delineated upon a plane : And when the folid is cut fo as to 
form an uneven furface, it is always fuppofed to be covered with an even 
one before it can be reprefented upon a plane; fo that in effed, we only 
reprefent one plane upon another. 

The thing to be reprefented is called the original, and the plane upon 
.which it is to be reprefented, the plane of the projection* 

Qi When 
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1 1 & of the Orthcgrapbick projeStion of Chap. L 

When feveral lines parallel to one another, are drawn from all the 
parts of an original, to cut the plane of the projedion ; they will upon it 
defcribe a figure, which is called the projcftion of that original. The 
lines producing this figure, are called the projedling lines or rays; and 
this manner of reprefenting any objed:, is called the orthographick pro- 
jedtion of that objcdt. 

This parallelifm of rays is the eflential property which diftinguifhes 
the orthographick from all other kinds of projection : And tho' it is in- 
difterent in what diredlion the projedling lines are drawn ; it will be more 
convenient to make them perpendicular to the plane of the projedlion^ 
and when this is parallel to the horizon, the length and breadth of any 
folid can be found by a plummet carried round it with a thread, fo as to 
touch all the parts of it ; but the heighth cannot be reprefented by this 
operation. This is what is called a plan of a building. 

If another plane be eredled perpendicular to the horizon, and the fo- 
lid in the fame pofition^ fuppofed to be cut lengjh ways by feveral planc» 
parallel to one another, and perpendicular to the horizon ; we can up- 
on it, reprefent the true lengths and heighths of all thefe fedtionSf but 
fnftead of a plummet, we muft make ufe of a fquare. This is what is 
called the plane of elevation, or fide view of a building. ^ 

If another plane be eredted perpendicular to the two former, we can 
upon it, reprefent the heighth and breadth of any fedlion, cutting the 
folid right acrofs, perpendicular to the horizontal and fide planes. This, 
in a building, is called the profile, befng an end view ; in a (hip, the 
head or ftern view. By thefe three planes all the parts of a folid may be 
reprefented ; and if two of the planes be known, the third may be found 
without having recourfe to the folid. 

Ky this defcription, it may fecm that a houfe or (hip, cannot be 
thus delineated till adlually built. But it muft be obferved, that the 
extreme length, breadth and heighth, muft be determined j by which 
the three planes aforefaid may be delineated. Thefe may be caUed the 
out lines. The feverat parts contained within them may be delineated 
fo as to anfwer the intended ufe ; by which means we fliall have a di* 
ftindt view of the whole defign, and may difcover any inconveniencies 
that may attend fuch a difpofition of the parts, which may be cafily re- 
medied upon paper ; and the true dimenfions of every particular may 
then be- had upon the draught: Whereas, if we go to eredt the ftruc-^ 
ture without a draughty we rua the hazard of pulling down feveral parts 
in order to jfnake them uniform and: convenient for the reft. 

The 
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The delineating a fliip upon a plane is called drawing, and the reprc- 
ientation is called a draught. 

Properties of tbt Ortbographick projeSlion.. 

1. All right lines upon an original plane, that arc perpendicular to the 
plane of the projeAion^ will be reprefented by points, 

2. All lines on an original plane, that is inclined to the plane of the 
projection, will be reprefented by fliorter ones, but if tliey be parallel 
on the original, they will be fo when projedted \ and when the originaf 
is parallel to the plane of the projedion, they will be exaftly of the 
fame length in both. 

3. All planes, whether limited by right or curve lines, when perpen- 
dicular to the plane of the projection, will be reprefented by right lines. 

4. All planes parallel to the plane of the projection, will be reprefen- 
ted by equal and fimilar planes; but if they be inclined, their reprefen-f 
tations will be lefs than their originals. 

5. The mutual interfedtion of twa planes, is a right line common- ta 
both planes, and is calfed their common feftion ; and if feveral planes in-- 
terfeft one another in the fame line, it will be common to all the planes^. 

6. In the ortbographick projection, the diftance of the original fronk 
the plane of the projection, makes no alteration in its reprefentation. 

7. Before any plane can be reprefented upon another, its pofition witli 
refpeCt to the plane of the projection, muft be determined. 

8. The inclination of one plane to another, is the angle formed by 
two lines, one in each plane, both drawn perpendicular to the comsioa. 
ieCtion ; where they meet at the fame point. 

In order to illuftrate and dcmonftrate thefe properties, we (hall in the 
following problems, fhew the different reprefentations of a plane accord* 
ing to its pofition, in refpeCt of the plane of the projection ; and to af- 
fifl the imagination in conceiving why the fame plane will have different 
reprefentations ; the figures are fo contrived that they may be cut, and. 
crcCtcd to -any required aagle with the plane of the projection. 

P R O B. !• 

Given, the plane Ari/^ B G, {Pig^ 5.) upon which aredrawivthe line* 
rj, ^2, ^ 3, pacallel to A C, and perpendicular ta B C; requited, its 
projection upon the plane B M N T, to which it is fuppofed. perpcadicu>* 
larj^ fo diat ^ C G (haU be a right aagk». 

IVas^ 
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Dra\v tae liiic C^ perpendicular to C G, and make it equal to C B; 
[VuUc 4. Tig, 5.) tlwn will C ^ be the projeftion of the plane ArdaBC. 
Kat if it Wcic required to projCvS: it lb that A C D (lull be a right angle; 
draw the line C 13 perpendicular to C D, and B C will be the required 
projcdion of thz plane A r ^' ^ B C : This will be manifeft when the plane 
is ercdtcd, till the point A is perpendicular to the point C; for then 
parallel lines drawn from the points r, ^, a, will fall upon the line C B, 
and be reprefcntcd by the points i, 2, 3 ; and the whole plane Ar^^ B C, 
will be reprefented by the right line B C, as by properties i and 3 : For 
A C and C D being perpendiculars to C B, the common fedlion of the 
two planes, will form a right angle at C, when the plane Ar^^ BC, is 
turned upon die axis B C till the point A is perpendicular to C; and if 
then a thread be ftretched through the points A and D, we fhall have a 
right angled triangle, of which the thread is the hypothcnufe, A C the 
perpendicular, C D the bafe, and A C D the right angle ; tho* It was a 
right line before the plane was eredted. 

Note. The arch Bad r A, and the radius A C, are to be cut through, 
and then the plane may be turned upon the axis B C. 

P R O B. II. 

Given the plane A r ^^ B C, to find its reprefentation on the plane 
B M N T, to which it is fuppofed parallel. 

This is only making a plane equal and fimilar to the given one. There- 
fore produce the lines A C, r i, ^ 2, ^ 3, to D, t^f c-, make C T> equal 
A C, J / equal r i, 2 jT equal d 2, and 3 c equal ^ 3 ; fo fliall C B eft D 
be the plane required. For if the planeAr^^BC, be turned round 
upon the axis B C, till it is parallel to the plane; the point A will come 
to the point D, r to /, &c. and the parallels r ly d 2y a ^^ will be pro- 
jected into equal; and parallel lines, as by properties 2 and 4. And the 
projeSion will be the fame, if the original is lifted up to any diflance a- 
bove the plane of the projedion, fo it be parallel to it, tho' the projeding 
lines be oblique to the plane : As if it were required to project the plane 
A r ^ ^ B C upon the plane R P O S, fo that the point H fliall reprefent 
the point B. Draw the line B H, and parallel to it, lines from the points 
A, r, ^/, ^7, 3, 2, I, C. Make thefe lines each equal to the line B H; fo 
=ihall H 6 5 4iS K, be the plane required, .'equal and fimilar to the plane 
ArdaBC'y we have omitted drawing the lines from 3, 2, i and C to a« 
-\'oid confufion. 

If the original is inclined to the plane of the projeilion, its repre-^ 
fcntation will be lefs than the original, but its true dimenfions may be 
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found by the following problem; provided its inclination and reprefcn- 
tation be known, and the diredlion of the projecting lines. 

PRO B. III. 

Let the angle G C E be the inclination, and B ^ <? i E C, the reprcfen- 
tation of a plane, and the projedting lines perpendicular to the plane 
B ^ ^ J E 5 required A r ^ ^ B C, the original plane. 

It is evident by the properties before defcribed, that when the original 
is inclined according to the given angle, the projeding lines let fall from 
A, r, dj Sy will fall in the points E, s, e, b^ to which they are fuppofed 
perpendicular; and of confequence E C, i i, ^ 2, ^ 3, will the bafes, and 
r ly d2, a*^^ hypothenufes of right angled triangles; of which the angles 
and bafes being given, the hypothenufes maybe found by conftruding the 
triangles ; cm: if the bafe and hypothenufe is given, the angle of inclina- 
tion may be had in the triangle. . 

At the point E ered: the perpendicular EG; at C make the given an- 
gle, and draw the line CG to intcrfcfit the perpendicular in G ; then will 
the hypothenufe C G be equal to A G, Thus will eaflly be conceived by 
crefting the triangle G C E, till it is perpendicular to the plane B /J ^ j E ; 
and when the plane A r ^/ ^ B C is inclined to it, according to the given 
angle, the lines A C and C G will coincide: In like manner the lines r j, 
^2, /? 3, may be found, by erc<5ling perpendicular at the pow^ts jf, e, ^^ 
and drawing lines parallel to C G, frdni the points i, 2, 3, to intcrfedb 
thefe perpendiculars, which will form fo many right angled triangles; 
Their hypothenufes will be equal to the lines r i, ^ 2, <? 3. 

Note. The lines C G and G E, in the triangle are to be cut through, 

P R 6 B. ,1V. 

. Given, the plane ArdaBC^ and its inclination. (the angle G C E) tQ 
the plane B M N T, to projeft it upon that plane. 

This is only the reverie of the former, for here the hypothenufes and 
angles, are given to find the bafes. . Make therefore the given angle at 
C, and C G equal A C, from G let fell the perpendicular G E; fo dial J 
the point E be the reprefentatioo of the point A.: ..Haying* thus cponftruc- 
ted the triangle G C E, right angled atE ; the bafe C E will be the pro- 
jcdion of the line A C. In like nianner, the bafes i J, 2 f , 3 ^, may be 
found; by making G i, G 2, G 3, in the triangle> equal r i, d 2y a 3, 
in the plane A r J^ B C: Thefi draw the lines 1 s,. 2^3^, parallel to 
C iE : Thefe iet off from the points i, 2, 3:, in the lijie B C, upon pcr- 
ipcndicularj drawn to thofef poiiitian the pline B M N T, will give the 

lines 
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1ii\es \ .r, 2 r, 3 Zl; fo that B ^ ^ E C, will be the projedion of the plane 
Ardci\^Q. 

Our readers fliould be well acquainted with thefe problems: For we 
Jluiil have frequent occafion to find the incliniition of one plane to anu- 
ihcr. The next thing necefldry to be underftood is, when feveral planes 
are given, and their inclinations to one another, to find the dicnenfions of 
another plane which will interfedt them hi any adigft'd pofition. 

This will admit of feveral varieties; in order to explain which, we 
fliall fhew how to lay down a folid upon a plane. For this purpofe we 
iliall chufe one limited by fix planes, like a cheft, as being the fimpleft, 
and ^'^^iz^ to be reprefented of all folids j for if the ends be two equal 
right angled parallelograms, fuppofed to be parallel to one another, and 
perpendicular to the bottom ; the fides will be equal, and parallel planes j 
the top and bottom will alio be equal. But in order to make all the 
planes different, we fliall fuppofe it broader at one end than the other, 
and the top Hoping. 

Let then C 5 « A, be the narrow, and D / ^ B, {Tlate 4. Fig, i, 4.) 
the broad end, right angled at« and A, alfo at b and B ; their heighth at 
the back fide B D and A C equal. The ends being fuppofed perpendicu- 
lar to the bottom and back fide, will occafion the fides likewife to be per- 
pendicular to the bottom, tho' not parallel to one another; the angle 
T D /, or its equal x C S, will give the flope of the top ; or its inclina- 
tion to the back fide. Now all the planes are different, and before their 
d5menfions can be determined, the length of the cheft muft be given ; 
which fuppofe the line A B. This will determine the dimenfions of all 
the planes. And firft to find the bottom. At the points A and B, draw 
the perpendiculars A E and B F ; make B F equal B /, and A E equal A u^ 
and draw the line E F ; fo the plane A B F E, will be the bottom. Se- 
condly, to find the back fide, produce the perpendiculars E A and F B, 
to C and D ; making A C and B D, equal the given heighth of the cnds^ 
and draw the line C D ; fo fliall the plane A C D B, be the bapk fide. 
The bottom is the horizontal plane, and the back fide, the plane of the 
elevation; and when this is credled perpendicular to that, the angles 
D B F and G A E, will be right. And if the plane D / ^.B be turned a- 
bout upon D B as an axis ; and the plane Qsuk^ turned round upon the 
axis C A, till they are perpendiclar to the horizontal and elevation plane,s : 
Then perpendicular lines drawn fi-om the points D and /, will fall in t^ 
points B and F, and fi-om C and s in the points A and £ ; fo that the plane 
A E F B, will be the projection of the top on the horizontal plane^. which 
vriU be lefs than the original, becaufi: it is not parallel to tbe \^xi% ui>09 

which 
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which it Is prqj^ded* Cut as its inclination is given, the trae dimeniions 
may be had hy Prob. 3. The triangles being conftrufted, produce the per- 
pendiculars B D and A C, to K and I, making D K equal to the hypo- 
thenufe D t^ and C I equal to the hypothenufe C s^ and draw the line 
IK; fo fhall the plane C I K D be the top. 

In like manner, the forefide may be projefted upon the plane of ele- 
vation, which will be the plane A S T B : But this will be too fliort. 
Therefore from the points F and E, draw the perpendiculars E G and F H^ 
makingFH equal to/ b^ and £ Gequal to s u^ and draw the line G H ; fo 
fhall the plane £ F H G, be the forefide. The planes being thus found, 
they may be cut by the dotted lines, and ereded to their proper poiition^ 
and when the line I K^ and the dotted perpendiculars are cut, the top 
may then be turned roii^d upon the line G D, till it lies flat upon the 
plane A C D B, where it may be prefled down i by which means the line 
C D will remain inmioveable, ana acquire fuch a creafe or fold, that the 
plane I K D C, may be turned round upon it as upon a hinge. In like 
manner, the dotted lines Cs^su^uhi {Fig. i.) and the dotted lines D /, 
/ ^, B by {Fig; 4.) may be cut ; and the ends turned round upon the lines 
C A and D B, till they are laid flat upon the plane A C D B« And when 
the top is likewife laid flat upon thefe, the plane A C D B, may (toge- 
ther with the ends and top) be turned round upon the line A B, till it lies 
ilat upon the plane A G H B; after which all the planes may be turned 
round, and laid in their firft Situation ; and fo they will all lie in one 
plane. We may now eafily erefl; the cheA { and firfl: ere<ft the epds till 
they are perpendicular to the back flde } and the top may be' turned ropnct 
till it lays upon the lines C s and D/. And if the tongue at {Fig. 1.) be 
put in the flit x in the top, near I ; and the tongue a {Fig. 4.) in the flic 
41 in the top near K j then the backflde, together with the ends and 
top, maybe turned round upon the line A B, till it comes to be perpen-' 
4iicular to the bottom ; and the point u {Fig. i.)! will be in the point E:: 
And to keep it fail, the tongue j^ may be put in tlie flft^. In like manner, 
the point b (Fig. 4.) will be in the point F, and the tongue e may be 
put into the flit^; fo we have now the ends, top and backflde faflened 
to the bottom : And if the jotted l|nes E G, G H, H F be Cut, the* plane 
E G H F may be erefted perpendicular to the bottom. The point G will 
be in the point j:, and me point H in tlie point /j and the tongue L, * 
which may reprefent the haijp of a lock, may be put into the flit t^ in 
the forefide. 

The chefl being thus crefted, it will tje eafy to make any partitions 
within it. But if me pofltion of thefe partitions be known^ their true di- 
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menfions^ form and inclination may be found before the planes are erec- 
ted ; provided the dimenfions and inclination of thefe planes to one ano« 
ther be given. 

The horizontal and elevation planes are always perpendicular to one a* 
nother. Now a plane may interfedl thefe two in three different pofitions. 

ijiy When perpendicular to both. Its interfeftion in both planes will 
then be in a right line perpendicular to the line AB^ the common fec^ion of 
the two planes, as Fig. i. which interfe^s the elevation plane in the line 
C A, and the horizontal in the line A E. This is what the fhipwrights 
cJall a fquare plane, 

2dly^ When inclined to the plane of elevation, but perpendicular to the 
horizontal, as Fig^ 2. which iqterfeds the plane of elevation in the line GH 
perpendicular to A B, and the horizontal in the line Hb: So its inclination 
to the plane of elevation, will be the angle nHb. This the (hipwrights call 
a canted plane. But if the plane A E F B, be the plane of elevation, and 
the plane A C D B, the horizontal ; the plane interfedling them in the lines 
G H and H b^ wouliJthep be called a rakingj)lanc. 

2dly, A plane ma^ be inclined to both, zsjrig. 5. interfeftihg the plane 
of elevation iri the line M N, and the horizontal in the line N^, This' 
plane is faid to cant and rake. Their pofitions being thus deteraiined^ 
their dimenfions are likewlfe determined. 

P R O B. V/ 

Tofnd tbe jyiminjums of a fquare Pkme^ interfering tbe comfMn Seflim 
of tbe Horizontal and Elevation Planes in toe Point A. 

* Through A draw the perpendicular 1 E, interfering the common fec- 
tion of the top and backfide in the poiiH C^ and the common iedion of 
the bottom and forefide in the point E. Make a right an^e at A, bcr 
caufe the required plane is fuppofed perpendicular to tne horizontal} and 
make A u equal to A £, the breadth of the bottom at that place. Again^ 
becaufe the forefide is perpendicular to the bottom, make a right angle at 
v^ and u $ equal to E G^ which is the breadth of the forefide at that place : 
Lafliy, draw the line j C ; fo (hall C x be equal to C I, the breadth of the 
top at that place; and C s uA. the required pldne^ the angfe 8 Csy being 
the inclination of the top. 

The profile, is the proper plane fo projeft all fquare planes upon, as 
being parallel to it. Now the plane D t ^ B, is the profile : And if it 
were required, to find the dimenfions of a plane,: interfering the horizon- 
tal in the line A E« and the elevatioa in the fine A Cj it is only fetting 
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itoff A E firom B to^^ and drawing / parallel <o B D i . then will D ^^ B, 
tc the plane required, equal toCsu A 5 and r equal to S j. For B D 
find C Aj are equal by fuppofition* t 

P R O B. VI. 

Vojini the Dimenfions of a Cant Plane^ interfeSling the Horizontal Plam 
in tbe Line H b, and the Elevation in the Perpendicular G H. 

From the point b let fall the perpendicular h w^ and produce it to in* 
terfcft the line S T in W, and draw the line G W ; then will GWwH, 
be the projeflion of it upon the plane of elevation. Which will be lef^ 
ihan the original, beca^le it is inclined to it; but its true dimenfions may 
4bc fonnd by ProA. ^. ' Tfaus^ make Hn cqwl to H b, and raife a perpen- 
dicular at n: Make n m equal to iv W^ and draw the line Gm; ib ihall 
GmnHi be the required plane. The angle nHb^ its inclination to the 
backiide 1 and the imgle H^E, the inclination to the forefide. The in- 
clinatio&of the top will be the fame ^ that :6f the bottom^ which* in this 

P R O B. VII. 

To find tbe Dimenfions of a Plane tbat Rakes and Cants • interfeSling tbe 
Horizontal in tbe Line N q^ and the Elevation in the Line M N. 

jfi^ From q let fall the perpendicular qz*^ thro' ir draw the line Vf 
perpendicular to M N, produced iof. From the center N, with the ra- 
dius N q^ interfeffc the perpendicular y^^ in P ; and draw the dotted line 
N P. Again, thro' M draw the line M R parallel, and equal to N P, 
and draw the line P R j fo M N P R, would be. the required plane, if 
the bottom were as broad at the point v, as it is at the point z, and the 
top parallel to the bottom. But as this is not the cafe here, the required 
plane will be narrower at the top than at the bottom. 

2d. From M let fall the perpendicular M v, and draw the line v V, 
parallel to N ^; make M m equal to v V, and. draw the line P m. So 
M N P /», would be the required plane, if the top was parallel to th^ 
bottom. 

W. Make N P in the line N y, equal to v V, aud draw the perpendicu- 
lar r r, and make M n equal to N r, So a line drawn from r to », would 
be parallel to M N, and would interfcd: the line S T fomewhere ; and a line 
drawn from that point of interferon to M, would be the projection of a 
plane interfering the plane of elevation in the line M N; and the horir 
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zontal plane in the line N P. But there will be no occafion to draw thi^ 
line, becaufe N y is the length of the line of intcrfedlion of the required 
plane; and z the projedlion of the pointy. Therefore a line muft be 
drawn from z to », which will interfeft the line S T in ;c ; fo (hall 
M N ;k X, be the projedlion of the required plane, upon the plane of ele- 
vation, which will be lefs than the original. To find which, thro* x 
draw a perpendicular to the line M N, to interfcdl the line P m in the 
point di fo fliall M ^ P N, be the plane required. And to find its in- 
clination to the plane of elevation, draw the line Z z parallel to / M>. 
and produce it to / : Make// equal to fp ; fo (hall zft^ be a right an- 
gled triangle ; and the angle zft^ the inclination to tihe backiide. For. 
if the triangle be ereded perpendicular to the plane, as mentioned in Prob. 
3^ the lines// ^sidfp^ will coincide. To find the inclination to the fore-- 
fide, make the angle z N 0^ equal to the angk zff $ h (hall N ^ V, be 
the required angle. For if the lines A B and £ F were parallel ; the in- 
clination to the backfide and forefide, would be equaU Laftly,, to find 
its inclination to the bottom $. thro' the point v draw a perpendicular a 6 
to N f, produced to a. From N, with the radius N M, intiferfed the 
perpendicular in the point 6^ With the radius a 6 interfefl: the line v V,, 
produced in the point T} fo (halltf v c, ho a right angled triangle, and 
the angle r 4 «, the inclination to the bottom. For if the plane M N P R,^ 
was projected upon the hoiizontal plane, the point M would be elevated, 
till a perpendicular from it would fall upon the point v; fo av would ber 
the bafe, and a b the hypothenufe of the right angled triangle a v c^ 

DEMONS T RATI ON. 

At N credk the perpendicular N X, make N s equal to N y } then wilT 
N 5 Y X, be the true diraenfions of a plane interfering the elevation in 
the line X N, and the horizontal in the line N ^, by die preceding pro* 
blem^ and the angle X N y^ a right angle. For when the plane A BC D,. 
is erefted perpendicular to the plane A B F E j if the plane X N ^ Y, be 
turned round upon the axis X N,, the point s will defcribe the femicir- 
tie sqcby as if a door be opened, and turned upon the hinges till it Kcs* 
againft a partition or wall, the bottom of it will defcribe a femicircle up- 
the floor. But if the upper hinge, fuppofe at X, be moved to M,, it is- 
plain the point q in the bottom of the door will not touch the floor. 

And if the door be turned round upon the axis M N, till it lies flat 
upon the partition, or plane X N j Y; the line N jr will He upon the per- 
pendicular N> j the angle M N j' being always a r%ht one 5 for the bot- 
tom 
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torn of the door is fquare. But the required plane muft touch the floor 
when it is in the diredion of the line N q 5 therefore it cannot be fquare r 
And becaufe the extremity of the bottom, when the plane is in its pro- 
per pofition, will be fo far elevated above the plane M N j R, that a per- 
pendicular from it will fall in the point zi it is obvious,, that in turning 
ihe door upon the axis M N, a perpendicular let fall from the extreme 
point of the bottom^ will always meet the plane M/P R,. fomewhere in^ 
the perpendiculary z fMroduced $ and thecefore when the door is laid flat 
upon the partition, or plane M N P R^ that extreme point muft lie 
upon the point P, becaufe the dotted line N P, is made equal to N y $. 
and when P R is drawn parallel to M N,. and M R parallel, and equal to^ 
N P,. we fhall have the plane M N P R; fo the angle M N P, will be 
that which the bottom makes with the fide of the door. /* By whichr 
means the triangle N k P, will be added to the fquare bottom ; and whea 
the door is turned upon the axis M N, till it is in the diredlion of the lina 
N jT; the dotted iine N P will lie clofe upon the floor on the line N^r 
When ^e door i& ia this pofition^ if the flock of a fquare be laid uponi 
the plane MNijr; which may reprefent the partition of a room, ancE 
the ^ogue <reded. perpendicular to the plane, we may defcrlbe the* 
jtine z n, by keeping the flock of the fquare perpendicular to the line: 
M N ; and moving it along the plane in that diredion, the tongue al- 
ways touching the fide of the door. All which will appear very plain^ 
when the* pkuaes are cut by the dotted lines^ and ereAed to their proper 
pofitions. 

. Thus I have endeavoured to explain the principles of the orthographicR 
projedtion, by^ laying down the fimplefl folid that can well be thought of,, 
or conceived : And if I have not done it iii fuch a manner as to make it' 
mtelligible to all capacities^ it may. be otiring to tiheir want of a fufficient 
knowledge of the principles of geometry and trigonometry. 

If they cannot attain this by what has been faid on thofe fubjeds ih the 
Srfk part, I would advife fuch to have recourfe to a mafler for inflradion;. 
M they are at a lofs how to lay down a folid limited by fix planes,, 
which requires no curves, it will be in vain for them to proceed any far-^ 
ther. For it will be impoflible for them to comprehend the reafon of 
die mediods ufed in laying down irregular folids limited by various fur- 
feces, fome of which are plain^ and others very irregular curves^. 

In laying down any irregular folid, we may fuppofe it to be mcToffedi 
widiin fix planes, the oppofites of which may be equal and parallel^, and: 
dl the planes right angled ; fo we may then proceed upon the fame prin-- 
6iples as before^ for we. fhall. have the dimenfions of the three necefiary' 
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planes, v/«. horizontal, elevation and profile. And if the true form and 
iimerlfions of two planes parallel to the profile, and likewifc their diflance 
from one another be given ; v^e may fiixid the true form and dimenfions 
x)f any intermediate planes between them, in the fame manner as wc have 
done in that already laid down. But it mufl be obferved, that the form 
of the furface^ which limits that part of the folid intercepted betwixt 
the two given planes, muft likewife be given; which fliall be fhewa 
plainly when we come to ^pply what has been now iaid to thea^ifa^ lay- 
ing down of fhips on a plane. 



CHAP. IL S E C T. I. 

ExpUcathn of the Terms and Names of the Lines ufed in 

drawing Ships] 

WHj^T is chiefly intended in drawing of fhips^ is to find the foitri 
of all the timbers. * Now if a fhip's fide were flrait fore and aft> 
this could be done with as much certainty, as in the folid laid down in 
the preceding chapter. In that cafe we need only determine the form of 
the foremofl and aftermofl timbers, and then all the feflions, either pa-» 
rallel or inclined to the horizontal, cutting the fhip lengthwifi^ would 
be limited by firait lines } any two points of which being given, a ruler 
or flrait edged batten would find the whole line. And tho* all fcftions 
parallel to the profile may be limited by curves, and thcfe very irregular, 
yet if a fufficient number of points be found in each, a thin batten of 
pliable wood may be bent fo as to touch all the points; and fo defcribc 
what is called a fair curve. Now we may have as many points as we 
pleafe, only by forming as many fcdions, cither parallel or inclined to 
the horizontal, as fhall be thought neceflary to have points : For upon fuj>* 
pofition that the fide is flrait fore and aft, thefe fedlions will all be limi- 
ted by flrait lines, their lengths will be the given diflance betwixt the 
iwo parallel planes, and their breadths will be determined by the direc* 
tion in which they cut the profile. This is fo plain that it needs no ex- 
ample. 
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ample, and a cafe that cannot happen in laying down a fhip ; which be-s 
ing broader near the middle than at either end, cannot have a ftrah fide. 
And therefore there will be a neceffity of determining the form of the 
profile, by a fediion at the broadcffi place of the fhip ; and alfo the form 
of a feftion near each end parallel to the profile. 

There can be no invariable rule given to determine the form of thefe 
three fe£tions, becaufe they roufl: be conformable to the fervice the (hip 
18 defigoed for: 1 However, detertnincd they muft be, before we can be- 
gin to find the fotm of the intermediates ; if by no other means, by re- 
peated trials, till they pleafe the fancy of the artift, aflifted by his judg- 
ment in difcerning what forni will beft anfwer the propofed defign. The 
next thing to be determined, is the form and dimenfions of feveral fec- 
tions, either parallel or inclined to the horizontal. They vnW all be limited 
by curves, fome of which will be very irregular. However there will 
be three points in each fedtion given, by the direftion in which they cut 
the given planes. 

H^e we think it neceilary to. nplain what is to he undediood by a &ir 
curve ; a term frequently ufed in drawing : In order to which it muft be 
€>bferved, that the circumference of a circle feems to be the only curve 
that can with certainty be drawn ; for this requires no art. But in de- 
finribing an ellipfis we muft find feveral points, thro' which the curve mufi 
pafs, according to the eftabliftied properties of that curve ; and then thefe 
points may be joined by a fteady nand, which may be afiifted by a mould 
W pattern, of which the artift ftiould be provided with a variety of diflfe- 
Knt forts made of pear-tree, box, or fome other wood proper for that 
purpdfe. Now if one that is not very well acquainted with drawings 
flipuld attempt to join thefe points without fome fuch afliftance, he would 
roake rather a polygon, confifting of feveral very obtufe angles, than a 
curves rfwhereas a mould that will juft touch three, four, or more of 
the points, will cut off all thefe aneles and irregularities, by which means 
tlie curve will be clear of all breaches, or fudden turnings and deviations > 
and this is what is called a &ir curve. . From this defcriptibn. of it, we 
may plainly fee that, if there be only three points of tl^e cuFve given^ 
there may be feveral curves drawn thro' them, and all very fair. 
. In forming an ellipfis, if the tranfverfe arid icot^ugate diameters be 
given, we may with certainty, find any number of points, thro' which 
the curve miift pafs. But the curves that are formed by the feveral fee- 
tions of a (hip, are very irregular; and as they have no properties pecu- 
liar to themfelves, except that of being £itic, there can be no invariable 
rule for defcribing them. We fhall therefore attempt ta do it by fedor 
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lines taken from an approved body. This will undoubtedly form lines 
fimilar to the original ; and the fedor is fo contrived, that it will form 
very fair lines quite different from the original. It is prefumed this will 
be very ufeful to thofe that are not well acquainted with drawing, for 
whofc ufe it is chiefly intended. However, before we defcribe it, wo 
(hall (hew the methods generally ufed to regulate the form of all the 
curves that are neceiTary in drawing of (hips ; and in the fiift place ihall 
explain their names in the following definitions. We fhall make ufe oi 
three planes, as defcribed in the preceding chapter, but give them difie« 
xent names. 

DEFINITIONS. 

1. The fheer plane is the fame with that of elevation, and is a fedion 
of a fhip fuppofed to be cut, by a plane paffing thro' the middle line of 
the keel, flem and flern-pofl. 

2. The floor plane is the fame with the horizontal, and is that on 
which the whole frame is ereded : The upper fide of the keel is in this 
plane. 

3. The body is the fame vnth the profile. It is a fedtion, fuppofed to 
cut the fhip thro' the broadeft place, and is perpendicular to tne fheer 
,and floor planes. 

4. Water lines are fuppofed to be drawn on the furface of a fhip, by 
the upper part of the water into which fhe fwims, and are fi>rmed by 
the fe<^ion of a plane cutting the whole body lengthways^ perpendicular 
to the fheer plane, where they will always be reprefented by fbait lines s 
and if thefe are parallel to the keel, they will be reprefented by fbait line* 
on the body plane, called level lines. But thefe planes will be limited 
by curve, lines on the iloor plane, which in fome cafes will l^ inverted at^ 
the after end, and ajfb at the foM^ end ; but this lafl is avoided as much a^ 
poflible. Thefe qunres limit the breadth of the fhip at c^tain. heighth^ 
expreflfed by lines drawn on the fheer plane for that purpofe. But as the 
fheer plane cuts the fhip exadly in two equal and fimilar parts, only one- 
half of thefe fe^ions are laid down ; fo that one fide will always be re-^ 
prefented.by a flrait line. 

5. The heighths of the breadth lines are defcribed on the fheer plane^' 
to determine the heighths at which the half breadth of the planes (^'the 
timbers are to be fet oflp; in which refpe£t, the water lines on the fheer 
plane may be called the heighths of the breadth lines. But becaufe the 
extreme breadth of the plane of each timber rifes gradually firom the 
iixudfhipsforeaadaftj the lines reprefenting their heighths will be curves^* 
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Such are the malni and top timber heighths of breadth lines, which arc 
the principal ones that go by that name ; but there may be as many more 
as fhali be judged neceffary to determine the form of all the timbers. 

6. Half breadth lines are dcfcribed on the floor plane, and are curves 
limiting the 4- breadths of the planes of the timbers, at the heighths ex- 
prefled by the correfponding heighth of breadth on the fheer plane, in 
which refpeft the water lines may be called i breadth lines j but that name 
is generally given only to fuch whofe heighths are exprefled by curves on 
the flicci^ plane. They ate formed by fuppofing the fhip to be cut length 
ways, in a perpendicular direftion to the ftiecr plane, thro' a curve heighth 
of breadth line. This will form an uneven furface ; fo the true length of 
it is not reprefented on the floor plane. 

7. Ribband lines arc either fquare or canted. 

The fquare which is often called the horizontal ribband line, Is in all re- 
fpedrs the fame with the above dcfcribed ^ breadth lines : The ufe of the 
ribband lines, is to faAen the timbers before the plank is brought on ; for 
which purpofe, they muft be of a fuflScient fubftance, and formed in fuch 
a manner, that they may fit the timbers without forcing or penning them. 
It would be very difficult to make a fquare one, becaufe it rounds two 
ways; for when the fhip is cut upon a* level by this ribband, the furface pro- 
duced, will be an uneven one. Upon this account, a plane muft be fo in- 
clined to the fheer plane, that it fhall interfe£t the timbers at the fame 
points with the fquare ribband. 

The cant or diagonal ribband, fo called, becaufe it cuts the body plane 
in a diagonal, is formed by a plane inclined to the fheer plane ; and cut- 
ting the fhip length ways in that direction, in fuch a manner, that it will 
interfedt the timbers in the fame points that the fquare ribband does. It 
will interfedt the fheer plane in a ftrait line parallel to the keel, at the 
fame heighth at the ftem and poft, with that of the fquare ribband. Its 
reprcfentation on the floor plane, will be the fame as that of the fquare 
ribband. But becaufe the plane of it is not parallel to the floor plane; 
this will not be the true breadth of it. This may be found by Proi. 3. 
pf the preceding chapter, by which means we fhall obtain the exadt length 
and breadth of it; and being a plane, it will only round one way, and 
fo a ribband may eaflly be made by it. 

8. Sweeps, arc arches of circles, dcfcribed in the body plane to form 
the timbers, and are generally four. 

jfi. The floor fweep, which is limited by a line drawn in the body 
plane, perpendicular to the middle line, a little above the keel. The di- 
ilancc of this line above the keel at the midfhip timber, is called the dead 
rifing ; the upper part of this arch forms the head of the floor timber. 
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2^. The under breadth fweep j, the center of which Is in the line that 
reprefents the heighth of the extreme breadth of the timber. If there is 
a part of the timber ftmait, the center of the fweep will be in the lower 
line. From this center extend to the point that limits the i breadth of the 
timber in the fame line, and with that radius (k&ribe a circle down^ 
wards> till it comes near to the floor fweep^ 

3^- The reconciling fweep, whicb joins the two fomier in fucsh a man«- 
ner as to interfed neither ; by which means we fhall have a hk curve 
from the heighth of the breadth to the riiing line :. And* if a ftraitlinc^ 
is drawn from the fide <rf the keel at the upper edge, to touch the back 
of the flooF fweep) we fhall have the form of the midlhip timber below 
the breadth. 

j!\f/j. The upper breadth fweep; the center of which is in. the line that* 
reprefents the extreme upper heighth of the breadth of the timber ;. from 
which a circle mufr be defcribed to pafs thro' the point that limits the 
4: breadth of the timber in the fame line, and produced upwards difcre^^ 
tionally to form the top timber; To thefe four forac add a fifth,., to form 
the hallow of the top timber; but this is:> generally, done by^a mould fo 
placed as juft to touch the above breadth fweep, and pafs thro? the point 
that limits* the 4 breadth of the top timber : So that now the form of the 
midfliip timber is determined from the keel to the top of the fide. The 
radiusof the underneath fweep decreafes, the farther the timber is from the 
midftiips ; but the other fwceps have generally the fame radius for all 
the timbers. There is no certain rule to determine the radii^ of theie 
fweeps. Some do it by proportioning them to the extreme breadth of the 
fhip^ according to fome given ratio. But there are various ways of form-** 
ing this midfhip timber; fometimes by two arches, and inftead of hav^ 
ing a- ftrait line from the edge of the keel to touchithe back of the floor 
fweep in fome (hips it is made a hollow,, 

9. Half breadth- of the floor is the-difiance of the center of the floor 
fweep from the middle line in the body plane, at the midfliip timber^ 
which wril always -be lefs thaa the diftance betwixt the point where the 
ftrait line drawn from the fide of the keel to touch thc: back of the floor 
Aveep is- from the middle line.. This laft may bc: called;the true 4^ breadth 
of the floor, and in ftiarp (hips will be above therifing line.- 

10. Rriling of the door, is a curve drawn on thefheer pJane, limited^ 
at the midfl:)ips. by the dead rifing; and in»flat (hipsitruws nearly paral^ 
lei to the keel lor fome tknbers before -and abaft tnc mid(hip, for which^ 
reafon thefe timbers^ are called flats; but in (harp (hips it ri(es gradually 
ftom.the. midlhip,till iteads.on-the. ftenxiu)d:paft* Tathialiociefome-p 
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times adapted an i breadth of the floor line. The ufe of thefc two lines k 
40 'find the centers of the floor fweeps. 

1 1. Cutting down line, is drawn on the (heer plajie. Jt is limited in the 
midfliips by the thicknefs of the floor timber, and abaft by the breadth 
of the keHbn ; for it muft be carried fo high abaft as to leave rc^m for the 
fcelfon, for which purpofe the thicknefs of the timbers muft be known. 
It muft be carried up fo high upon the ftem as to leave fufticient fubftance 
for the breeches of the rifmg timbers. The lower edge of the kelion is 
in this line; fo it limits the thitknefs of all the floor tiniers^ and like wife 
the heighth of the dead wood -afore and abaft. 

12. Timber and room, or room and fpace, is the diftancc betwixt the 
moulding edges of two timbers, which muft always contain the breadth 
of two timbers, and fomctimcs two .or* three inches between them. It 
muft be obfeived, that one mould icrvfes for two timbers j the forefide of 
the one being fuppofcd to unite with the aftfidc of the other, and fo make 
only one line, which is aftually the cafe in all the frames, which in fome 
ihips are every third, in others every fourth timber. The frames are firft 
put 4ip, and faftened to the ribbands, and afterwards the others are put 
up, which are<:alled filling timbers. The midftiip timber is called dead-^ 
flat, and diftinguiftied by this charader j the timbers abaft the midftiip 
are diftinguiftied by the figures i, 2, 3, &jc. and thofe before the midftiip 
by the letters jof the alphabet A, B, C, ©r. 



SECT. IL 
Of WHOLE MOVLDING. 

THE length^of the fceel, extreme breadth, depth in the hold, heightli 
between decks, and in the wafte^ and fometimes the heighth and 
}>readth-of the wing tranfom are agreed on by contrad: in the merchant's 
fervice : From which dimenfions the builder is to form a draught fuita* 
<ble to the trade the ftiip is defigned for. 

The firft thing that is gcneiully done, is to Jay down &e keel, ftem 
itnd poft, upon the ftieer planes^ Then to determine the proper ftati^ 
fOn of the midftiip timber, where a perpendicular is erefled : It is gener- 
^ly about 4 of the keel before the poft. On this line the given dqith of 
<the hold is fet oflf firom the upper fide .of the keel ; to obtain which point, 
jthe thicknefs cdf the timber and plank mixft be added to that agreed on 

5a bj 



Digitized by 



Google 



134 0/ WHOLE MOULDING. Chap. II; 

by contradl. TJiis being fixed, will enable us to determinfe the upper 
heighth of the extreme breadth at that place, which fomctimes is the 
very point itfelf. The lower heighth of the breadth muft likewife be de- 
termined at this place. Then we may form the two main heighths of the 
breadth lines which nearly unite abaft and afore. Abaft, thefe curves end 
at the wing tranfom, or above it ; and afore, they are carried up fomc- 
times as high as the hawfe holes. The heighth of the breadth line of 
the top timber muft likewife be formed. This is generally done by a 
bow, which makes nearly an arch of a circle. It is limited in mid(hip$ 
by contraft, afore and abaft only by the fancy and judgment of the artift, 
according to what (heer he dcfigns : We muft alfo form a line for the rif- 
ing of the floor ; for which purpofe we muft determine the dead rifing,- 
which is that of the midfhip timber. This limits it at that place, and in 
the whole moulding it is pretty near parallel to the lower heighth of the 
breadth line. Thefe lines muft abfolutely be drawn on the fheer plane ; 
and correfponding to the main and top timber heighth of breadth lines; 
there muft be two half breadth lines formed on the floor plane. 

The main half breadth at the midfhip timber is. agreed on by con- 
traft, only obfervihg that the thicknefs of the timber and plank muft 
be dedui^ed out of it, becaufe it is the extreme breadth from outfidq to 
outfide of the plank that is contraAed for. Thofe in the draughts are 
called moulded half breadths : . Thpn the breadth at the wing, tranforti^ 
if a fquare ftern, is limited : It is generally about two thirds of the ex- 
treme breadth, but this is juft as the artift fhall think proper. He alfo 
fixes the breadth of the top timber, and then defcribes the two half breadth 
lin?s. In the due formation of thefe curves on the (heer and floor plane, 
the whole art of drawing chiefly confifts j which muft. be acquired by 
praftice, fo that* it will be fcarce poflible for one that is not very well ac- 
quainted with drawing, to form them, without, haying recourfe to fome 
other draughts. After thefe are formed, the ftations of the timbers are 
fixed, if the room and fpace, and the breadth of the midfhip timber is 
agreed on by contrad, this will determine the ftation- of all the (tim- 
bers; obferving that the timbers abaft the midfhips muft be iet dff-frdm 
the forefide of the midfhip timber ;. and the timbers before the WMffeip 
from the aft fid^ of it. At every third or fourth timber there muft be per- 
pendiculars drawn on the fheer and floor planes, to the Hne that reprefents 
the lower edge of the keel, which is- the common feftion of thefe two 
planes; tlio' ibmetimes the half breadth lines are defcribed on the fheer 
plane, when, there is not fpace to .produce the perpendiculars lill they bfe 
bf fuSicient length to contain the heighth of tlie breadth and half breadth. 
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After the timbers are ftationed, and the perpendiculars for the franaes 
drawn on the fheer and floor planes 5 we proceed to the body plane, 
and draw a line equal in length to the whole breadth moulded. This 
line may be called the bafe of the body plane. A perpendicular is 
ercdted at each end of it, and one in the middle, which may be pro- 
duced at pleafure. The next thing to be done, is to form the midfliip 
frame : The limits of it are had from the flieer and floor planes; the 
lower, upper and top timber heighths of the breadth are taken from 
the ftieer plane at the perpendicular, reprefenting the midfliip frame, 
and fet off on the middle line of the body plane from the bafe. Thro* 
thefe points,, lines are drawn parallel to the bafe, and the refpedlive half 
breadths correfponding to each, are fet oflf on thefe lines, from the middle 
line in the body plane. The lower and upper main half breadths are li- 
mited by the perpendiculars already drawn at each end of the bafe. The 
half breadth of the top timber, is had from the floor plane on the per- 
pendiculars reprefenting the midfliip frame. The heighth of the dead 
xifing is likewife taken from the flieer plane, and fet up irom the bafe 
upon the middle line in the body plane, thro' which point a line parallel 
to the bafe muft be drawn j and upon this line the half breadth of the 
floor^ is fet oflf from the middle line, at which point a perpendicular is e- 
redled. The center of the floor fweep is in this line, from which a circle 
muft he defcribed that fliall jufV touch the rifiiig line. A proper radius for 
the under breadth fweep is next to be found : The center of it is in the low- 
er breadth line, from which it is defcribed to pafs thro* the. point which 
limits the half breadth. After which the radius, and center of a recon- 
cileing fweep to join the floor, and under breadth fwecps is f^und, and 
the circle defcribed ; and to compleat the frame below the breadth, the 
half breadth of the keel is fet oft- from the middle line on the bafe; from 
which point, a ftrait line is drawn to touch the back of the floor fweep. 
By this way of forming the frame, it is plain the centers and radii of 
the fwceps are arbitrary, but they muft be determined before any of the o- 
ther timbers can be formed 5 if by no other means, by repeated trials, till 
.they are made to pleafe the fancy and judgment of the artift; But there 
are various other Ways of forming this frame; fo that, tho' feveral fliips 
.may be of. the fame breadth, depth in the hold^ and dead riiing; they 
may all diflfer in the form of their timbers. After this midfliip- timber is 
formed, a pattern or mould is made to fit exadly to the curve, and the 
dead' rifing line. By this, and a hollow mould, all the timbers are form- 
zed {a far as the riiing line, and lower, heighth of the bjeadth line are pa- 
jallel to one another in tlie (heer {Jane :. .Thi3 -is what i^ called %vhole 
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^noulding, which \^ e (hall il!uftrate by laying down a long boat. And be- 
caufe in (everal mould lofts there is not fufficient length for the (heer plane, 
^it i€ often laid dow« as if it were cut by the midfhip frame, and one part 
Jaid upon the other in fuch a manner, that the midfliip timber of f he 
after part (hall coincide with a j)erpendicular let fall from the fore -part 
iof the ftem. 

To lay down a Long-Boat zg Feet i I/ich long^ ^nd Breadth Moulded 9 

Feet. (Stc Plate ^.) 

\Ji. Draw the ft rait line P 0, and credl the perpendicular P T. From 
5the point P fet off 29-1, the given length of the keel. But becaufe the 
4)late will not admit of the whole length, let the ftation of the midftiip 
•timber be afligned ; at which point ereft the perpendicular © M. Let 
M be the tipper^ and N the lower heighth of breadth, at that place ; T 
•the heighth of breadth at the tranfom, and draw the curve TM to repre- 
fent the flieer, or extreme heighth of the fide. This in a fliip would be 
called either the upper heighth of breadth line, or the upper edge of the 
wale. Draw alfo a curve thro' the point N, parallel to T M, to reprc* 
fent the breadth of the upper ftrake in a boat, or lower edge of the wale, 
if in a ihip^ The dotted line T N may alfo be drawn to reprcfent the 
dower heightli of breadth. 

2d. Set ^ff the rake of ttie pofl: from P to p^ and draw tlic line ^ / to 
Hreprefent the aft fide of the port ; fo fliall T t reprefent the round up of 
the tranfom. Set off the breadth of the port: from ^ to r, and from T to 
Sy and drawtthe line r sto reprefent the fore fide of the poft, which may 
either be a curve or a ftrait line at pleafure. Set up the heighth of the 
tuck from p to k. Let kxht the thicknefs of the tranfom, and draw thp 
line zpc to reprefent the fore fide of the tranfom. 

3^. Set up the dead rifing from to d^ and form the rifing line r/y. 
We may then draw the line K L parallel to P ©, to reprefent the lower 
-edge of the keel, and another to reprcfent the thicknefs of the plank or 
the rabit. The rabit on the poft may likewife be reprcfented, and the 
ilations of the timbers afligned j diftinguifhed in the plate by their pro- 
per names, viz. ^, ®, i, 2, 3, 4, 5, 6, 7, 8, 9. 

Thus have we compleatcd the (heer plane, or fide draught for the a^ 
*er body ; a«d in like manner is that for the fore body to be done. Firft 
produce the line ^ M to ;r the heighth of the fore part of the ftem, and 
form the ftem either by fweeps or fome other contrivance. The breadth 
of the ftem muft be known, and the aft fide likewife formed. The ftem 
4)eiDg farmed, we may kt off from the fore part of it as much as the line 
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P ©/Wanted of the whole length of the boat, which fuppofe 0. Ercdt 
the perpendicular F, and make it equal to M, the heighth of the 
flieer,. and form the curve F Sy which will reprefent the (heer or heighth- 
of the fide in the fore body. We may likewife draw a line to reprefent • 
the lower part of the upper ftrafce,. and one forthe lower heighth of the. 
breadth. The rifing line muft alfo be formed, and the timbers ftationed^ 
and diftinguiflied by their proper names (§), 0, A, B, C, D, E, F,.G, H. 
Now the whole fheer plane is compleatedj for if the line S T wasdrawo^ 
afonder^ till the pointF came to the point M^ we fhould have the wholo* 
kngth of the boat- 

The next thing tx> he done is to form the half breadth line ;^ for whiclv 
purpofe the perpendiculars- T P, 9, 8, &c^ muft be produced, Then,^ 
^om the. point where the perpendicular M interfeds the line K L^ fet 
ofE gfctty the half breadth u Set off alfo the half breadth at the tFanfom^ 
from the line K L, and form the half breadth line B-^. In like manner 
fct off the half breadth, from the point, where the perpendicular Fin- - 
terfeds the line K L,. and form the half breadth lina ItX, according, to* 
rfxe defigned round of the harpin. 

We may now proceed to formthe timbers in the body^ plane r Whepe,^ 
let A B be the breadth moulded at , Eredl the perpendicular C D in the^. 
middle of the line A B ;. and parallel to C D draw the lines nm^ the hal^ 
tbicknefs of the poft, and xy the half thicknefs of the ftem,. Then take 
off the fcveral portions of the perpendiculars 0, i, 2,-G?c. intercepted be- 
twixt the upper edge of the keel,, and the riling, line in the fheer plane ;:. 
and fet them up from C upon the line C D« Thro' thefe points draw'^ 
lines parallel ta«A C 3 take off alfo the feveral lower heighths of breadth- 
at 0, 1, 2, &<:. from the fheer plane ; fet them alfo up from C upon thei 
middle line in the body plane, and draw lines parallel to A-C diro' thefe^ 
points : Then take off the feveral half breadths corrcfponding to each,, 
from. the floor plane;, and fet them off on their proper lial^ breadth lines, v 
from the OMddle line iivthe body plane*. 

We muft in the next place form the H^idfhip. timber,, either by two^.. 
or three fweeps, or fonic. other contrivance which muft be left entirely to.' 
the fancy and judgment of the artift :. If he ufes three fweeps*, a proper-* 
center of each* muft be^found. That of the under b!:cadtl> nuiflr always < 
be in the breadth llnc^ as in this cafeat a. The center of the fibor fweep,f 
Aippofe at C,, muft be fe, that when it is defcribed, thebaclcof thefweep>* 
may juft touch the ridng line. Thefe two centers being found,, and the. 
arches defcribed, we may with certainty find the center of the rcconciU- 
ifig .fweep, . provided. th(^ radius ba known, thu& : Set off tha giNtco-radi-*' 
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us upon any ftrait line, as from A upon the bafe line to R; then take the 
radius of the lower breadth fweep, which fet off from A to ^ ; take al- 
fo the radius of the floor fweep, and fet off from A to r j The A with thd 
radius a R, from the center of the under breadth fweep, d<^fcribc an arch ; 
and with the radius c R, from the center of the floor fweej), defcribe a- 
II other arch to interfed the former in r, which will be the center of the 
reconciling fweep : For if with the radius A R, from the Cfentir r^ W^e 
defcribe an arch, it will juft touch the under breadth^ amJ fltftfrfWff^ 
in the points / and J, A line drav/n from r io t will psfs- through tbe: 
center of the underbreadth fweep, and a line drawn from r ios will pafs- 
through the center of the floor fweep 5 fo that it will be irhpofliWe for 
the reconciling to interfefl: either of the other two arches. The curve; 
part of the timber being formed, a ftrait line muft be drawn /rom the 
lide of the keel to touch the back of the floor fweep 5 for which purpofe 
the half breadth of the keel muft be fet oflF on each fide of the point C, 
upon the bafe line. The form of the midfliip frame being determined, 
will in fome meafure determine the form of all the refl:. For if a mould 
be made on any fide of the middle line to fit the curve part of it; and 
the rifing line, as that marked BEND, and laid in fuch a manner that 
the lower part of it, which is ftrait, may be fet upon the feveral rif- 
fing lines, and the upper part juft touch the point of the half breadth 
in the breadth line, correfponding to that rifing upon which the mould 
is placed ; a curve may then be drawn by the mould to the rifing line. 
In this manner we may proceed fo far as the rifing line is parallel to the 
lower heighth of the breadth line. Then a hollow mould muft be made, 
the upper end of which is left ftrait, as that marked H /w. This is ap- 
plied in fuch a manner, that fome part of the hollow may touch the fide 
of the keel, and the ftrait part touch the back of the curve before defcrib- 
ed by the bend mould ; and, beginning abaft, the ftrait part will always 
come lower on every timber till we come to the midfliip timber, where 
it comes to the fide of the keel. Having thus formed the timbers, fo far 
as the whole moulding will ferve; the timbers abaft them are next form- 
ed. Their half breadths are determined by the flieer and floor planes, 
which is the only fixed point thro* which the curve of thefe timbers muft 
pafs. Some form thefe after timbers before the whole is moulded, and 
then make the hollow mould, which will be ftraiter than the hollow of 
either of thefe timbers. It is indifferent which are firft formed, or what 
methods are ufed ; for after the timbers are all formed, tho' every timber 
may appear very fair, when confidered by itfelf, it is uncertain, what the 
form of the fide will be. In order to find which, we muft form feveral rib- 
band 
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band and amtcr lines;, and if thefe da not make fair curves, theymufl be 
rcdlified, and. the timbers formed from thefe ribband and water lines. la 
ufing the hollow mould, when it is applied to the curve of each timbep, 
if the ftrait part is produced to the middle line, we fliall have as many 
. points of interfe&ion as there are timbers : And if their heighths above 
the bafc be transferred to the correfponding timbers in the flieer plane, a 
curve paifing thro- thefe points is yrhat is called a fifing ilrait* This may 
.be formed by fixing « point for the aftermoft timber that, is whole mouldr. 
ed, and traosferfing that heighth to the (heer plane. The curve muft 
foSs thro' this point, and fall in with the rifing line, fomewhere abaft 
: And if the feveral heighths of this line be transferred from the flieer, 
to the middle line in .the body plane j thefe points will regulate what is 
called the bawling down of the hoUpw mquW. The timbers being thus 
•filmed, and proved, bjf ribband and wateyjifles j we may then form the 
tranfom. This may be done either by ribband or water lines. Here it 
Is by water lines, of which there are three, formed in the following 
mannen. .(P/tf/^5.). _ 

i^L Draw chite lines in the body plaDp. parallel to the bafe: Theie 
are called level lines, aitd may be equally fpaced betwixt the tuck, and 
lieighdi:of the flieer,, t^kcn wpon a perpendicular to the keel. They 
^may be likewife drawn on the flieer plane at the fame heighths, fo they 
will be parallel to the keel. They are diftipguiflied by ifi. 2d. and 3^/. W. 
• ' zdfy: .To form theiti .0n the floor plane. Take the diflance betwixt 
|he middle line in the bpdy plane, and the feveral interfedtions of the le^ 
.^el lines with: the timber^i Transfer thefe to the correfponding timbers 
in the floor plane, which will give the points thro* which the curves will 
pafs : So the portion of the firfl level line in the body plane, intercepted 
betwixt the middle line and timber 9, will be equal to the diflance taken 
upon the perpendicolaii'injhe floor plane, drawn froni the point 9, to in*: 
terfedt^ t^exurye of thft flrA w^ter line. The. like may be faid of all the 
reft. • ^ 

The water lines being thus formed ; the next thing to be determined^ 
is the round aft of the tranfom, if any; if none^ produce the line T p 
to by then will K ^ bjs the half breadth of the tranfom at the heighth of 
the flieer; So the heighth P T in the flieer plane, muft be transferred to the 
middle line in the body plane. Thro* this point a line K^^ muft be drawn 
parallel to the baie A C, upon which the naif breadth K b being fet off, 
we fliall have one point thro' which the curve muft pafs. In like man-^ 
ner there muft be perpendiculai^ let fall, from the feveral interfedlions of 
the water line8> and ait fide of the poft in the flieer plane^ and produ* 

T ced 
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ced to interfedl their correfpohdlrig water littes in the floor ?pltnej #bidh 
will give their half breadths. Th^fe again twingtranSferfcd, to their cor- 
xefponding level lines in the bedy'|)|ane, We (hall have thfe points through 
which the curve of the tranfom nluft pafe; obfervfng at the tuck to fet 
off the half breadth of the pdftj or the depth of the rabbet may be de- 
duced out of it. The tranfom being thus forttied, it as pkin it will be 
too (hort, by reafon of the raking of (he poll : We muft tfaetefon^tarfse 
the heighth of the tranfom upon the mke, whidh^will be the line.^ T 
in the £heer plane; and>fet up this 6n the middle line in the bbdy platot. 
^In like manner we muft fet up <>n the middle line in the bodypbine, the 
Several diftances of the Water lines, from the point ^ in the (heer^phne; 
and thro' thefe points draw the fe\ceral dotted 4iiie8, upon whk^ mdk be 
ietoffthe half breadths as hcSoitt: Then a eufve pafliffg'tfaro' thde 
|>oiiits, will give the triie fbnh^nd dinlenfibns bf tile tranfcMHj as 'is ex- 
'preffed by the dotted curve. 

If the tranfom is to round aft, « the <:iiPvt1C^ G on the flb« pblm, 
it may be formed after the fame manner without regarding >the : rounds 
^nd after it is properly trimmbd the round ih^y ^ "Worked out : But as 
•this will require very thick plank } in fiich cafes it ^Ul be projpdr tomake 
wfe of a-fafliion piece, and- wing tttnlbm : Thisiafliion piece will be 
formed in the fame manner as th^ fdr a {hip Which has a iqoare tock, 
fo the fame operation will ferve for both. 

Now the^fhion pieces being ialWays fided^fk^t, ^dr planes will in- 
terfeft the fhecr and floor plaries ln% (httitlifie. ^fti ^Ms'ittife, it will hfc 
in the linc'G^ oti the floor plane,* vvhich t6uche^the«tMfi>m in' dieipoiiit 
n\ Gn being fuppofecl the thickntfs of the fethtoh piece. Having tfaos 
determined its diredion on the flo6r planie, this Will likewiie ddtetmiw 
. its diredion on the (heer plane. If &e tranfdml^d tao rooml, only wfaalt 
is called a flight or rifing like ^' floor tikriber, the phri« e^f ifae h&oon piece 
would interfed the fheer plane in thfe rabbtt of &e fttm pofts and die 
floor plane in a ftrait line drawn from G to K. But here it is fuppofed to 
be in the line G g^ whidh will throw the head Of the £iihl(Hi ]p]«ce aft to 
W on the fhecr plane ; the point whete a perpend!<hilar ere£ted from g 
interfcifts the flicer line or breadth line' produced. Now i being the 
heighth of the tack, theline iWwillbbthat^fr-vi^kh'll^^ piwte 

Interfeds the fheer plane. 

Having thus found the }nterfe<fti6n of thte pifane Af ^lie fefiiirti piece, 
both on the fhecr and flobr planes, it is- evident- it Will *afte aft and cant 
ferwardj fo the true dimenfions and'fomi df it mfey be found by Pnob. 
6. C3&^^. I. in thcifoWowing'manner^ . 

ift. Pro- 
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i^ Prodaceali:the water linesaa the iheet plane; to the line >6 W in- 
the points a^ s^ h^ i and let iall the* perpendiculars ae^ so^bu. 

• zdly. From the points^, o^ », draw lilies parallel to G ^, to interfe^' 
each correfponding water line on the floor plane in the points 3, 2, i. 

. ^dfy. Transfer the* fevcral points G, 3^ ^; I5 on the- floor plane, ta the 
points 6t 3> a» i> oa the^ flieer plane; ia fpch a manner, that line& drawn 
from G to G, froin 3 to 3, fif^. may be perpendiicular to ^ L; and let tlia 
point G.be in the .breadth ]ine> the point 3 in the third water line, &c. on. 
the {hect plane ; fo the plane W G 3 2 rh will be the projeftion of the plane 
of the fafhion piece on the (hper plane.* But it will be lefs than the plane of^ 
the £i(hioQ piece, becaufe it is not parallel to the iheer plane. There^e,. 
. /^bly. Thro* th^ points G, 3, 2, i, in» tkie Aider plane, draw the dottedi- 
perpendiculars G F, 3 A, 2 S, i H, to the» line W k. 

^tbly. Make Ae lincs-W ¥^ aAy s^b H, in^ the (beer plane, equal; 
to the lines^G, ^3, 02^ ui, in the floor plane; fo^tfaat thdy nMy inters 
f«d:. the dotted perpendiculars in the points F* A,S and' H^:- So ihalP 
WFASrHii heme true form arid dimenfions of thc; plane of the aft 
fide of the fefliioa pieces When it* is- in its proper pofitioni the line- 
WF will be in the &iaie< plane with the^fbeer Uiib; the line ^. A in the- 
fame plane with the* water line a 3 ; the^line j S in the fame^ plane wich^ 
the watec line szi and the* line ^H in the^ fame planQ. with the water 
line* u 

We. have now formed all; the timbers in' the* afier body. Thofe for 
the foi^e body are Jfisrmed in the fame manfter, by transferring the feveral^ 
heighths of the rifing and breadth lines £pom the (heer to thie body plane-;; 
the. half ( breadths corr^fpondiiigi to each^^h^ muil alfo be transfenied 

from the* floor tOttheibp<)^ pUbe^ 1?he f;irae hoUow mould- will fi^ve 
both for the fore and a&cc.body 9 and thelevcllines^ by which the watei^ 
lipes^ tx> prove the> after:* bodyy wewibrmed, ma^ be produced into the*' 
ferebody^ and by themth^ water Ijpes^toprovt^ the fere body may be de^ 
fcribed. 

Ahothqr.mcthod of' proving the body^ is by ribband line% which are 
foroMid'by.fedians.of^plaliasiitaGUned-to^tbe-ih^^ pkne, and interfe<5lfng^* 
the' body plane diagOfiaUy^ a{5 beafiSre^oteteK^bd^^ of "which there may b«; 
asjnany asiweifaalljudge nettUtd* 

Here we think it fu£€ie»k> ta lay down one^ represented ^in the body* 
plane. by the lioes mathed'dia\i TiMtft^are deawn in fuch a manner, astO' 
t]^> perpcndiauks toi asi.- nai^^'tiMb^«M.as^conveiiieo{ly may be. After 
tbc^ aieidiBWA.in. ther:bddy.i^qev- tfafe ^^mlpeitions of the diagonal^. 
iAttrce|itedibcMiatithe iniddle^liiievis^ eaih^tiaiberj'' B»jfl be^transierredf 
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X9 the floor plane : Thus, fix one foot of the GompofTesln the point where 
the diagonal, interfefts the middle line in the body plane; extend the o • 
ther foot to the point where the diagonal interfe^ the timber, fuppofe 
timber 9; fet off the fame extent upoathe perpendicular reprefcnting tho 
plane of timber 9, from, the poijit where it? interfefts the line K L, on 
the floor plane 5 do the fgmeiby all the other timfers both in the fore 
and after body ; and wt (bsill have thie points thro' which the curve mufl: 
pafs. And if this fhould not prove a fair curve, it muft be altered, ob^ 
ferving to conform to the points as nearly as the nature of the curve will 
admit : So it may be carried within one point, and without another, ac- 
cording as we find the timbers will iillow : For after all the ribband lines, 
are formed^ the timbers muft, if needful, be altered by the ribband lines, 
this is only the revei;fe of forming the ribband lines ; for taking the 
portions of the feveral perpendiculars intercepted betwixt the line K L, 
and the curve of the ribband line in the floor plane, and felting them off 
upon the diagonal, from the point where it interfeds the middle line ; 
we fhall have the points in the diagonal, thro' .which the curves of the 
timbers muft pafs : So the diftiancf betwixt the lii^e K L, and. the ribband 
at timber 3 on the floor plane, when transferred to the body plahe, will 
extend on the diagonal, from the middle line, to the point where the 
curve of timber 3. interfeds that diagonaL The like may beiaid of all 
tlie other timbers ; and if feveral ribband lines be formed, they may be 
fo contrived, that their diagonals in the body plane .ftiall be atftich di- 
ftances, that a point for every timber being given in each diagonal, will 
'be fufficient to determine the form of all the timbers. 

In ftationing the timbers upon the keel, for a boat, there muft be room 
for two futtocks in the fpace before, or aba^ ^ ; for which reafon, the 
diftance betwixt thole two timbers will be as imich more, than that be- 
twixt the other, as the timber is broad. - Here it is betwixt and @ ; 
which contains the diftance betwixt and 0, and the breadth of the 
timber befides. 

This method of whole n^Oul'ding v^ill not anfwer for the long timbers 
afore and abaft : They are gea9rally.canted.in..thefkme manner as tfaofe 
for a (hip, of which we fh^U treat in : their proper place > and here fhew 
in what manner the timbers are moulded aftei: they are laid down in the 
mould loft, by a rifing fquare, bend, and hollow mould. 

It was (hewn before how to form the timbers by the bend and hollow 
moulds, on the draught. The fame method > muft be ufed in the loft, 
but the moulds muft be made to their pr6per fcandings in real feet and 
inches. Now when (hey 9fQ f$t» as befoce dirieded^ fonmoalding each 
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timber ; let the 'middle line in the body plane be drawn acrofs dy/t bend 
mould, and draw a line acrofs the hollow mould at the point where it 
touches the upper edge of the keel ; and let them be marked with the pro- 
per name of the timber, as in the figure \^Pate 5.) : So the graduations of 
the bend mould will be exadlly the fame as the narrowing of the breadth > 
for the diftancc betwixt and 7, on the bend mould, is equal to the 
difference betwixt the half breadth of timber 7, and that of 0. The 
heighth of the head of each timber is likewife marked on the bend mould, 
and alfo the floor and breadth firmarks. The floor firmark is in that point 
where a ftrait. edged batten touches the back of the bend mould, the 
batten being fo placed as to touch the lower edge of the keel at the fame 
time; The fevefal rifings of the floor, and heighth of the cutting down 
line, are marked on the riling fquare, and the half breadth of the keel 
fet off from the fide of it, as in the figure. 

Note. The cutting down is omitted in the plate to avoid confufion. 

The moulds being thus prepared, let it be required by them to mould 
timber 7. , . 

The timber be^ng firft properly fided to its breadth, lay the bend mouW 
upon it, fo as may beft anfwer the round according to the grain of the 
wood: Then lay the rifing fquare to the bottom of the bend mould, fo 
that the line drawn acrofs the bend mould at timber 7, may coincide 
with the line reprefenting the middle of the keel upon the rifing fquare ^ 
and draw a line upon the timber by the fide of the fquare, or let the line 
be icored, or cut by a tool made for that purpofe, called a rafeing knife* 
The term rafeing is ufed when any line is drawn by fuch an inftrument in« 
ftead.of a penciU This line fo rafed will be the fide of the keel. Then 
the fquare muft be moved till the fide of it comes to 7 on the bend mould, 
ai)d pother lin^ mufl be rafed in by the fide of it, to reprefent the middle 
of the keeh The other fide of the keel muft likewife be rafed after the 
fapie manner, and the point 7 on the rifing fquare be marked on each 
fide of the keel, and a line rafed acrofs at the& points, to reprefent the 
upper edge of the k^eU From this line the heighth of the cutting down 
line at 7. muft be fet up, and then the rifing fquare may be taken away, 
and the timber may be cafed by the bend mould, both infide and outfide, 
fi-om the hea4 to the floor firmark : Or it may be carried lower if needfuj. 
After the firmarks, and head of the timber are marked, the bend mould may 
likewife be tak^ away ; and then the hollow mould applied to the back 
of the fweep in fuch a manner, that the point 7 upon it may interfedl the 
upper fide of the keel, before fet olFfoy the riiing fquare : And lyhen in 
this pofition, the timber may be rafed by it, which will compkat the out* 

fide 



Digitized by vnOOQ IC 



144 ^f WHOLE MOULDING. Chap. II; 

fide of the timbers. The Infide of the timbers may likewiie be fomied by 
the hollow mould. The fcantling at the keel is given by the cutting down 
before fet off. The mould mufl: be fo placed, as to touch the fweep. of 
the infide of the timber fc^med before by the bend mould, and pafs thro* 
the cutting down point. 

The ufe of the firmarks, is to find the true places of the fbttocks ; f<^ 
as they are cut off 3 or 4 inches fhort of the keel ; they muft be f6 placed, 
that the futtock and floor firmarks may compare, or coincide : Notwith- 
ftanding which, if the timbers are not very carefully trimmed, the head 
of the futtock may be either within or without its proper half breadth; 
to prevent which a half breadth flafF is made ufe of. 

The half breadth flafF may be one inch fquare, and of any convenient 
length. Upon one fide of it are fet off, from one end^ the feveral half 
breadths of all the timbers in the after body; and thofe of the fore body 
upon the oppofite fide. On the other two fides arc fet off the fevend 
heighths of the fheer; the after body on one fide, and the focc body on 
its oppofite. Two fides of the fbtfifare marked half breadths,* and:theo- ' 
ther two fides, hcighth of the fheer, as in the figure. {Plate 5.) 

The ffeifF being thus prepared, and the floor timbers &fVened on the 
keel, and levelled acrofsj tne futtocks mufl next be faflened to the floor; 
but they mufl be fet firfl to their proper half breadth and heighth : The* 
half breadth flaflf, ferves to fet them to the half breadth ; for which pur«- 
pofe a fmall line, called a ram line, is ftretched from the middle line of • 
the flem, to that of the tranfom or pofl; to which a plummet is hung-by 
aline;, fo tied, round the rani line,, that it may fHp eafilyalong upon it, 
and may.be moved to the plane. of any timber, and m the plummet- 
will pccufipn this line do be. always perpendicular to the keel^ which in a 
boat is generally parallel to the plane of the horizons We may, 1^ it^ 
likewife fet the timbers perpendfcular to the keel, and then fet* them to 
their proper half breadth by the flafF; and when the two firmarks coincide; 
the futtock will be at ita.proper heighth, and may be nailed to the floor 
timbers, and likewife to the breadth ribband ; which may be fet to thQ 
hcighth of the fheer by ajeycl laid.acrofs, taking thrheigmh' of the (heep 
by the fhff from. the pppcr fide of the keel; by which means we fhall 
difcover if the ribhapif is exa<aiy the heighth of the (heer; and if not^, 
the true heighth may be fet oflFhy a pair of compafi^fi*e>m the- levels an* - 
markcd.on the timbers. The next thing^to^ be explained iS'Aeconttnic^ 
tion and ufe of the beveUfng boaiidi but'w;e ftiall frfltftMBwhow4o foirm^ 
the timbers b;^ fwecps, becajif^ tiJe^ fjiii^ laethod ibc bevejUing-fcrves- f^-»' 

. SECT. 
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sect. m. 

Of ' funning the Body by Sweeps. (Plate j.) 

'N (hips of tvar the general dimenfions are idftabliflied by the autltoriey 
of thofe appointed by the government for that pui'pofe, which Ihavc 
rHedked into u table, togetherivith theiprincipal dimeniions of (hips for 
the merchant fcrvice, to which we refer our readers. 

Tlie (heer and Hoor pknes are laid down in this, exadty in thb fame 
J manner as in that of whole-hioiilding. ^ We Miay haVe a fiifEcient number 
ndf: points 'from die tables, to detertiihle*the beighths of the breadth, and 
hairbreadth lina. Aiifing of the fiobr • \mt inqft likew^ be fom^d oh 
the fheer drali^t, We-may thcngp to the bodv plane, and form the mid- 
ihip bttid Or frame timber; the limits of whicn, we have from tfaefheer 
.aavdiloor phfOis, 'audit muft beformedin the &me manner as before di- 
reded in whole moulding, either by two, three, or more fweeps, as the 
artift (hall think moft fuitable to the fervice the (hip is de(igned for. The 
lower, upper, and top timlier heighths of brdadtb, and ri(ings of the floor, 
are fet up on the middle line in the body plane, as in whole moulding, 
and lines drawn tl^ro' thefe. points parallel, to the bafe upon, which the half 
breaiithis-bfe ^t off. A thoiild m^ then bb inade lor tfie mld&ip Vrame 
as before, and laid upon the feveral ridngs in the fame manner as in whole 
-mooMiiig, with this <)ifl%rence ; t^at here aft' under breadth fweep ^ de^ 
4crib0d to pafs thro' the point which limits the half breadth of the timber ; 
4!he oeftter bf which will be in the \>fidadth line of that timber. The pro- 
j)er centers for ftU the fiiames being found, and the arches defcribed, the 
bend mould muft be fo placed on the riiing line of the floor, that thp 
back of it may touch the back of the under breadth fweep. But the ge* 
neral practice is to deicribe all the flbor fweeps with compafTes as well as 
the under breadth fweeps, and to reconcile thefe two by a mould which 
fe an arch of a circle ; its radius being the fame with that of the recon- 
ciling IWeep, by ^hich the midfliip frame was formed. It is ufual for 
in the flodr (Vreepsto be of orte^raditis ; and in order to find their centers, 
a line is formed on the floor plane for jthe half breadth of the floor : This^ 
as Wa6 before obferved, is coily ah imaginary onei for it cannot be de« 
icribed on the fufface of the (hip : inftead of it fome make yfe of a dia* 
gbnil in the bddv ]^1^, to limit the half breadth of the floor upon c- 
¥eiy rifing lla^,4md ereft ^r^ndkolars at the feveral interfeflionsMQ 
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the fame manner as for the midfliip frame, as in the draught; where it 
is very plain the floor fweep conftituteS jio part of the after timbers abaft 
the fquare body. 

After the fweeps are all defcribed, we muft hare recourfe to moulds, 
or fomefuch contrivance, to form the hollow of the timbers, much in 
the fame manner, as in whole moulding ; and when we have thus formed 
all the timbers, they muft be proved by ribband and water lines, as be- 
fore direded ; and altered, if needful, to make thefe lines fair. * Hence 
it is obvious, that the form of the ribband lines muft be determined, be- 
fore we can with certainty have the true form of the timbers. But there 
r will be a neceffity of determining, at leaft, the form of three timbers, 
viz. the midftiip, foremoft and afifermoft, before we can form a ribband 
line. Thefe will give three points, thro' which the curve of each rib- 
. band muft pafs. Thtf points in the intermediate timbers may be found 
> by forming timbers as before dire£ted ; and by repeated trials, altering 
them till they make fair ribbands ; for it is by them that the whole 
ftrufture is regulated, when every frame is ere<^ed into its proper place* 

S E C T. IV. 

Defcription and Ufe of the SeSior infortmng the Body. 

'^ d ^ H E feftor has fcven lines on each leg, meeting at the center of the 
Jl joint, numbered I, II, III, IV, &c. fo thiat every line upon one 
leg has a correfponding one upon the other leg, both divided and num- 
bered alike. The after body is upon one iQde, and the fore body on the 
other. 

{Tlate 6.) T^be Lines for the after Body are ds follows. 

I. Has five divifions, viz. 0, 4, 1* dl, &, ftVj aod marked at the end 
H B T ', denoting the heighth of the top timber breadth lii^e at four tim- 
bers ; ft\is the ftern timber, and i^ dl^ the firft diagonal in the body 
plane. 

L' C IP C 

• II. Has eight divifions, viz. -i i S*", 8, 4, 0, and marked at 

u. A, A, u, 

the end i B T', denoting the half breadth of the top timber at three tim-r 

bers. L' C fignifies the lower counter, and IT C, the upper counter ; u 

' denotes 
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denotes the heighth, and A the rake of the cototers, "both taken from the 
wing tranfom ; S* is the rake of the ftern timber, which is likewife taken 
from the wing tranfom at the heighth of the fheer rail. 

III. Has eight divifions, viz. A\ u' S. R 1 a, ® , 3, 5, 7, 8 : It is mark- 
ed at the end L H B^ for the heighth of the lower breadth line for five 
timbers : d* is for the diftance betwixt th6 frames, arid R i s, for the di- 
ftance betwixt the lower breadth line, and the dead rifing in the body 
(>lane : u' S. is the radius of the upper breadth fWeep. 

IV. Is in two parts. The innermoft has f&ur divifions, viz. 7, 5, '3^ 
-0, exprcffling the points where thcfc timbers interfeft the fccond diagb^ 
nal in the body plane : It is marked at the end 2 R for the fecond ribband. 

The outermoft part has fix divJfions, viz. 0, 3, 5, 7, 8, W T, and 
marked at the end U H B for the heighth of the upper breadth line at five 
timbers, and at the wing tranlbm denoteii by W T. 

V. Is Mke^^ife ih twto parts. The innermoft has four dFvifipns, viz. 
7s 5, 3, ©, exprefling the points where thefe timbers intcrfedl the firft 
diagonal : It is marked i* R for the fifft Iribband. 

The outermoft part has eight divifions, viz. T, 8, 7, 5, 3, ©, ^ A 
^nd then marked M I B*, for the main half breadth bf five timbers ; T 
for that at the wing tranfom, and k I for the half breadth of the keel in 
tnidftiips ; without which there is another divifion ttiarked 3M I for the 
third diagonal. 

VI. Has four divifions, viz. 7, 5, 3, 0; for the points where tholb 
timbers iriterfeft the third diagonal, it is marked 3d R, denoting the third 
Tibband j without which, there ii another divifion marked 2d d 1, for 
the fecond diagonal. 

VII. Has five divifions, '^iz. 7, ^ B F 1, 5, 3, 0. -i B P 1, denotes the 
half breadth of the floor : The other four are for the points where thofc 
timbers interfcdt the fourth diagonal : It is marked 4*^ R, denoting the 
fourth ribband; without which there is another divifion for the rake of 
the poft marked R^ P. 

The heighth of the gun-deck is bcfwixt N^ IV and V. G D ® for 
that in midfliips, and G D ^ for that at the poft. There is likewife ario* 
ther divifion betwixt N^ I and II for the fourth diagonal : It is marked 
i 4**d 1, which muft be doubled, bccaufe the length of the fedor will 
not contain the whole. 
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I N D E X f (? /)&(? AFTi!feBoDY. 



N» 2A* 



r lower ■] III 

Heightii of breadth ^ upper > IV 

t top timber j I 

rifing III 

!m^ 1 V 

top timber > .11 
floor 3 VII 

Counter and ftern timber, hcighth ,* 

and rake 
Hakeofthepoft VII 

•Upper breadth fwcep III 



Ribbands ^ ! 5> y^ 

VII 

Diagonals -| ^ j- ^ 

•betwixt I and II 
Ciftance betwixt, thq frames III 




The Lines for the Fov.z Body are. * 

I. Has three divifions, viz. H^ ftem y * ^ denoting the heighth of 

tlie ftern ; and Its rake fi-om timber G at the gun-deck and head. 

IL Has four divifions, viz, d^ i&, and thefe marked H', T', for the 
heighth of the top timber line at thefe timbers; and again d, b^ for the 
i breadth of thofe timbers >. and the line marked i B T'. 

IIL Has four divifions, viz. d*^' F for diftance betwixt the frames, and 
^> ^j gy it is marked L H B, denoting the heighth of the lower breadth 
line at thefe tunbers, 

IV. Is in two parts. The innefmoft has four divifion , viz. .g^ ^, r, © $ 
Tor the points of ihterfedlion of thefe timbers, with the fccond diagonal, 
iS marked 2^ R, for the fecond ribband. 

The outermoft part has three divifion,.wV. r, e^g: It is marked UHB, 
denoting the heighth of the upper brieadth line at thefe timbers, ; 

V. Is in two parts. The innermoft has four divifions, viz. g^ e, c, ® ; 
for the points of ihterfedion of thefe timbers, with the firft diagonal : It 
Is marked 1* R for the firft ribband. 

The outermoft part has four divifions, viz. g^ e^c, : It is marked 
M 4 B*'' for the main half breadth at thefe timbers. 

VI. Has four divifions, viz. r^ e, c, 0, for the points of interfedion 
of thefe timbers with the third diagonal : It is marked 3^R for the third 
jibl)and. 

VII. Has four divifions, viz. g^ e^ r, 0, for the points of interfedtion 
-of thefe timbers, with the fourth diagonal : It is marked 4*^ R, for the 
ibuith ribband. The fweep of the item is betwixt N^ III and IV i and 
ine heighth of the gun deck betwixt IV and V« 

IN- 
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I N D E X /t? fi&^ Fore Body. 

t 

Half breads I ^p^i^^^^ ' ,i Diftance of frames 

Stem heigbth and rake I I Swepp of thjC ftern betwixt 

Having thus defcribed the lines, we (hafl now fiiew their ufe in laying 
down a fhip. {Plate j.) 

The general dimenfions being dcterminedi and a fcale adapted to 
the draught, take the half breadth with a pair of compafles, and 
placing one foot in the proper point for the half biie^dth of 0, which 
will be found in N^ V. open the fcdor till the other foot reaches to the- 
feme point in the correfponding line on the other leg. 

The feftor being thus fet, it will be indifferent whether we begin with, 
the body or fheer plane : Let it then be the flieen 

iji. Draw the line X Z to reprefcnt the upper* edge of the keel, and: 
length of the gun deck; but it may be produced to the aft fide of the 
wing tranfom, and fore part of the ftem. 

xd. Eredt a perpendicular to the lineXZ, upon which fet up the: 
heighth of the wing'tranfom to W; taken from N^ IV. on the feftor. 

3^/. Take the rake of the pofl frofh N^ VIT. on the feax)r, and fet it 
forward from the perpendicular of the wing tranfom to the point 7 
where a perpendicular mufl be credted,. which will be the flation of that 
timber. 

4A&. Take the diflance of the frames from N^ HI. on the fedlor, and 
fet it off from 7 to 8; and ereft a perpendicular at that point for timber 
8* Draw alfo a line from S to the wing tranfom, to reprefent the fore 
part of the poi%. 

^th. Take the heighth and' rake of both counters, . alfb the rake of the 
flern timber from N^ II. ' The heighth of the flern timber is on N^ I„ 
and by thefe form the counters, and upright of the flern. • 

6tb. Stetfon the timbers, by taking the diilance betwixt the perpendiJ 
culars at 7 and 8 ; which at eight times will reach to © ; and eredl per- 
pendiculars at ^j 3 and 0. Then for flationing the timbers in the fore 
body, we mufl turn the fedtor, and take the diflanceof the frames from. 
N^ III. which, fet eight times from 0^ will reach to H. Ereft perpen- 
diculars at C, E, G-aiid Hi and frprti G fet.ofF the diflance of the gun^ 

U 2 deck 
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deck before G. It is in N^ I. on the fedlor; which will reach to Z; at 
which point ered a perpcndieuhrr^ an^-.f^t off tl|cr heighth of the gun- 
deck, taken from the feftor ; and froni the gun-dcck fet up the heighth 
of the head of the ftem, alfo its diftance before Cj both taken from N^ I. 
We may then form thp ftem. The center.of the fweep \%, io the perpendir 
cular of timber F, and the radius of the Cwiccp is upon the fcdtor betwixt 
N^ III and IV. which fet up from the point F, will give the <xntcr : %f> 
the fweep will juflr touch the upper edge of the keel in the point F. And 
as the fweep will not reach to the gun-deck, we muft make ufe of a 
mould to break in fair with the back of the fweep. 

'jth. Set up the heighths of the lower, upper, and top timber breadtlf 
lines upon the perpendiculars eredled for the ftatioos of the feveral tim- 
bers- The points correfponding tq each, are on their proper lines on th^ 
feftor. 

Having thus finifhed the fheer plane, we may then go to the floor 
plane ; and producing all the perpendiculars for the timbers^ we may up^ 
on them fet off the main, and top timber half breadths. The points cor- 
refponding to each, are on their proper lines upon the fedor ; which 
muft be fet off ffgm the line W K, reprefenting the lower fide of the 
keel, and may be produced both ways, as far as fhall be needful. We 
muft in the next place form all the ribband lines, which are the dotted 
ones in the draught ; beginning with the fourth ribband. But it will be 
more expeditious, firft to draw all the diagonals in the l^y plane. 

Let AB be the wholp breadth, on the middle of which ered: the per- 
pendicular K O ; fo fliall A K, or K B, be the half breadth. Upon the 
line K O, fet up the feveral heighths of the breadth lines, taken from 
- the flieer plane, and draw lines parallel to the bafe, as direded in the 
preceding fedlions.; and likewife fet off the half breadths, correfponding 
to eaph, taken from the floor plane. We may alfo fet off the heighth 
find half breadth of the wing tranfom^ gll which may be dQr\e without 
the feftor, but we muft have recourfe to it for the dead rifing. This 
is in N^ IIL in the after body, and muft be fet dff* upon the line K O, 
from the lower heighth of breadth to /. Thro' i draw the, line r / Sy par 
rallel to the bafe, and fet off the \ breadth of the floor- from. / to r, ' an4 
from / to J : It is upon.N^ VII. on the fe<5lor. Then taking r /, fet it up 
from / upon the. line K O, to which point draw the dotted diagonal mark- 
ed 1* R^ This regulates^ all the. other diagonals: For if one line be 
drawn fronj the point of its inferfefticfn, with the middle line, to the half 
breadth of the wing tranfoip; and. ^npther from th^ point r, its intcr- 
icdlion with^the n/ipg Jin?,j to the. point .Q at, the lower hf ighfh of 
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breadth ; each ofithefe may be divided into four equal parts by the dattcd- 
diagonals a?* R"3^R^VR-. 

Note. The lines from the ends of the firft diagonal to the lower heighth. 
of breadth, and to the viog tranfom, were drawn only with a black lead' 
pencil, and wiped out after the diagonals, were drawn. The diagonals 
being thus drawn, we may form the midfhip frame, for which purpofe 
we muft find a point in each diagonal, thro' which the curve of the tim- 
ber muft pafs. Thefe points we ha.ve:fpom the feftor ; which muft be fet 
off from the iriterfeftions of the diagonals with the line K O. That in 
the firft diagonal is in N^ I. The point in the fecond diagonal, is iaN^ 
VL The-polijt in the third diagonal, is in N.^ V. And the point in the 
fourth diagonal; is betwixt N^ I. and IL This laft muft. be doubled, be-^ 
caufe th^ fe£top will not contain the whole length. The midfliip frame 
being formed, we muft in the next phce form the after and.forcmoft 
timber ; which the fed:or does, by giving the diftance on every diagonal 
betwixt thefe timbers, and. the midfhip frame now formed : So that wc 
fhall -havC' a point in each diagonal; thro which the curVe of the timber 
muft pafs. Td find the point in the firft diagonal for the after timber • ex- 
teiid from-© i* R in N^ V. to the correfponding point on the other leg. 
Set off this diftance from on the firft diagonal : Do the fame upon the 
fecond, third and fourth diagonals. The point on the fecond diagonal, is 
ift N^ IV. That on the third, in N^ VL And thaton the fourth in N'^ 
Vli. The curve muft pafs thro* thefe points, and Hkewife thro' tht point 
for the half breadth, which wa$ before fet. off from, the flieer and ftoor 
planes; by which means we have determined the form of the after tinw 
ber ; and the foremoft timber is to be formed by the fame method. Thefe 
two timbers being formed, we may find points in the diagonals for all the 
intem^iate timbers. Thus, to find the point for timber 3 in the firft 
diagonal 5 extend from the point 3 in the inner part of the |ine N-^ Y. to its 
correfponding pcwnt on the other leg* Set off this in the firft diagonal from 
the after timber, already formed ; which will give the point throV which 
timber 3 muft'pksj and to find the points in the fecond diagonal^ we muft 
extend from 3 in the inner part of the line N^ IV. and fet off this diftance 
in the feeond diagonal from the after timben The fame method muft 
be ufed to firid the points in the third add fourth diagonals. In like man^- 
ner we may find appoint in each diagonal for the tinibers 5 and 7, which 
will.be fuflBcientfor the after body: And the fame pfocefs muft be ufed 
to find points in each diagonal for the timbers in the fore body. 
- Having now found the poififs, before we form- the timbers^ it may be 
proper,, by theni/'to^fomir theribbaads : Far now we^may take the difta^ice 
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of each point in the diagonal, from its intcrfcdtion with the middle line 
K O, and transfer it to the floor plane upon the. perpendiculars that reprc- 
fcnt the planes of the timbers, as direfted in SeSl. 2. In order to limit 
the ends of the ribband lines in the floor plane ; we muft fct off half the 
thicknefs of the poft, on one fide of the middle line JC O, and half the 
thicknefs of the ftem on the other fide of it, in the body plane j firft de- 
ducing the depth of the rabbet out of it. We muft likewife determine 
the inner part of the rabbet on thotftem, and upon the poft: in the Iheer 
plane. In the ftem, it is generally in the middle betwixt the lines that 
reprefent the outfide of the rabbet. It may be alfo s (m the poft,' from 
the wing to the lower tranfom; and from thence the line may be continued 
fair to interfcdt the line that reprcfents the after fide of the rabbet, at the 
upper edge of the keel ; for there the rabbet is cut fquarc into the pqft^ 

Npw, it is obvious that when the plane of any diagonal ribband is in 
its proper place and pofition, the line W K will be in the fhcer plane, pa- 
rallel to the upper fide of the keel; and its heighth will be the fame with 
that of the point where, the diagonal interfeds the middle line in the bo- 
dy plane. But by reafon of its inclination, and of the half thicknefs of 
the ftem and poft ; the heighth of the plane of the ribband upon the poft 
and ftem, will be in the point where the diagonal interfcds the line that 
reprefents the rabbet in the body plane. This then muft be transferred from 
the body to the fliecr plane, and fet up from the upper cdg^ of the keel 
upon a perpendicular that will ihterfed: the line that reprefents the infidcr 
of the rabbet at that heighth. This perpendicular may be prodi^ced into 
the floor plane ; and if that part of the diagonal intercepted betwixt the 
middle line, and the line that reprefents the infide of the rabbet, in the 
body plane, be fet off upon the perpendicular, it will give the proper poin6 
for the end of the ribband line, as may be feen in the plate 5 where all the 
ribbands are dotted lines, and they are marked 1* D K,. 2 DR, &c. 

Note. The fcalc in the plate is fo fmall, that we have taken the outn 
fide of the rabbet to limit the end of the ribband. 

The ribbands being thus formed, we may from them f<M:m.all the tim-^ 
bers below the breadth. 

The next thing to be done, Js to form the top timbers.. We have the 
heighth and half breadth of ^ch from the ftieer an4. floor planes >, and the 
timbers below the breadth,* are carried up by a fvscecp, which forms the 
lower part of the toptinlbcr. The center of this fweep is in the uppei^ 
heighth of the breadth Hne of the timber, and may be taken from- the 
feftor : Jt 13 on N^ IlJ.cafter body* The midfhip top timber hasr gener- 
ally a hollo Wi which i^ left. intiraLy tO/ the artifti, for fome, efpecially 
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fniall (hips, have noae. The general pradUce is to make a mould for 
this hollow, either by a fweep, or fome other contrivance, and produce 
it confiderably above the heighth of the top timber in a ftrait line, or 
very near one. The midship timber is formed by this' mould, and fo 
placed, that it breaks in fair with the bade of the upper breadth fweep. 
All the other timbers are likewife formed by tlie fame mould ; obferving 
to place it fo that the ftrait part of it may be parallel to the ftrait part of 
the midfliip timber ; and moved up or down in that diredlion till it juft 
touches the* back of the upper breadth fweep. Some begin at the after 
timber after the mould is made for the midihip one, becaufc they think 
it eafier keeping the ftrait part of the mould parallel to this, than to the. 
midihip timber; and by this, means the top fide is kept from winding. 
Others again, make a mark upon the mould where the breadth line of 
the mid^iip timber croifes it;^ and with the fame mould they form the af- 
ter timber. This will occafion the mark that was made on the tnould, 
when jn.midfliips, to fell below the breadth line of the after timber; and 
fo another mark is made at the heighth of the breadth of the after tim- 
beri The next thing to be done, is to lay the ftrait part of the n;iould 
obliquely acrofs the breadth lines of the top timbers, in fuch a manner 
that it may interfedt the breadth line of the midQiip timber at! one of 
thefe markS) and the breadth line of the after timber at the other mark. 
Then the feveral interfedkions of the breadth lines of the timbers, arc 
marked upon the mould. The mould being thus marked, muft be fo 
placed in forming each timber, that the proper mark may be applied to 
Its proper breadth ; and the mould be turned about fo as juft to touch the 
upper breadth fweep. Any of thefe methods may make a fair fide; but 
it may be eafily proved by forming another half breadth lioc* 
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CHAP. III. SECT. 1, 

Of the CANr TIMBERS, 

TTItherto we have confidcred the timbers, as having their planes per- 
][jL pcndicular both to the flieer and floor planes. Thcfe arc called 
Iquarc timbers 5 and when they are all formed, we may from diem form 
as many ribband and water lines as fhall be neceflary to form the cant 
timbers. Their planes arc inclined to the Aecr, but perpendicular to the 
floor planes. The reafon of canting thefe timbers, is that they may near- 
ly be equally fpaced at the breadth ribband : For if the poft has a confi- 
dcrablc rake, and the timbers all fquare, there will be a fefeat iMcc lat 
the breadth ribband, betwixt timber 8 and the wing tranfota : Asiddes 
the timber may be fo canted, that it may be fquare to feme of the rib- 
bands; whereas, if they were perpendicular to the fhccr plane, they would 
intcrfed the ribband lines fo as to form very oblique angles; which would 
occafion a very great bevelling. Another advantdge that atttnds cantiflg 
the thnbcrs, is that thev will not require fcidi compafe timber. 
X It, is ufual to begin the cant timb^s from the aftcrmoft floor tiinber; 
and fpacc them near equally on the breadth line, to the wing tranfom : 
And in order to fpace them upon the keel, the cant of the feSiion piece 
muft be determined. Now if we fopppfe the plane of the fkfhion piece 
to interfedthe flieer and floor planes w the point F, it-raufl: intfirfeft the- 
. floor plane in the line F P, becaufe the point P is fuppofed to be the end 
of the wing tranfom. So the angle j F P will be its inclination to the fheer 
plane. It will interfedl the fheer plane in a perpendicular erected from the 
point F ; and if the fpace betwixt the point F, and the foremofl: cant 
timber upon the keel, be divided into the fame number of equal parts, 
that the fpace betwixt the fame timber, and the wing tranfom upon the 
breadth line, is divided into ; this will determine the cant of all the 
thnbers t>nly by drawing lines from all points in the line W K, to the cor- 
rcfponding points in the breadth line, in the fame manner as the line F P, 
determines the cant of the fafhion piece. 

Ijt would be needlefs to draw all thefe lines in the plate ; the only intent 
of drawing them being to fliew how to form the timbers by them : And 
as one mediod ferves for^all the cant timbers, which are fuppofed perpen- 
dicular 
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dicular to the floor plane ; it will be fufficient to fhew the formation of 
the fa(hion piece. 

Before any of the cant timbers can be formed, there mufl be a fuffici^ 
ent number of water lines^ or diagonal and horizontal ribband lines form* 
ed from the fquare timbers i and when thefe are absolutely determined, 
we may, with certainty, form all the cant timbers, either by water, of 
ribband lines. 

If we make ufe of the diagonal ribbands, which are diftinguiflied by 
the dotted curves in the floor plane, we muft form an horizontal ribband 
correfponding to each. We have only laid down one of thefe horizon- 
tals in the plate, viz. that correfponding to the third diagonal : It is mark- 
ed 3^ H R, To form this ribband, fix one foot of the compafles in the 
point where the third diagonal interfe&s the midfhip frame in the body 
plane; and extend the other foot to touch the middle line KO; fo that 
if a line were drawn fi-om one foot of the compafles to the other, it would 
be perpendicular to the line K O : This diftance fet off from the line 
W K, upon the perpendicular that reprefents in the floor plane, will 
give the point thro' which the curve muft pafs at that place. The fame 
method muft be ufed for finding the points on all the other timbers. 

Now, tho' the diagonal and horizontal ribbands feem to be quite dif« 
ferent curves in the plate, they will make but one line upon the limbers ; 
for the one interfeds them in a direction perpendicular to the flieer plane, 
and the other is fo inclined as to interfed tne timbers in the very fame 
points. The horizontal one is too fliort upon the plate,but the true length of 
It might eafily be had by transferring to tne flieer plane, the feveral heighths 
at which the diagonal interfeds the timbers in the body plane. By thefe 
we might form a heighth of breadth line to correfpond to this horizontal 
ribband, which is only a half breadth line; and the length of this heighth 
of breadth line may be taken by a penning batten, and all the timbers 
marked upon it. Now when the batten is applied to a ftrait line, and 
jail the timbers transferred to this line firom the batten, we may eredt per- 
pendiculars at each, and fet ofF the fame half breadths as before ; by which 
means we may have the true length of the horizontal ribband : But as 
this will be of no manner of fervice, we fliall omit forming it. We on- 
ly mention it, becaufe feveral imagine thefe two curves to te as different 
on the furfece of the fliip as they are upon the draught. The horizontal 
ribband correfponding to the firft diagonal one, is formed to timber 7, and 
marked i*HR; but the horizontals for the fecond and fourth diagonals 
were formed by a black-lead pencil, and only the point in which they in- 
t^rfe^ the line F P> is ijn the plate ; which is fuflicient for our purpofe. 

X There 
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There arc likewifc five water lines formed, four, of which are rejM-c- 
fentcd by level lines in the body plane ; and by lines parallel to the keel 
in the fhcer plane : Three of them reprefent the planes of the tranfoms 
in the fheer plane, viz. D*", i^ 2* : But the plane of the third trariforii is 
perpendicular to the poft* The lower water line is drawn parallel to the 
keel from the ftcm to the poft, and produced into the body plah6, as ih 
the plate, where it is marked M N : The plane of the third tranfom in- 
to i feds the timbers at different hcighths, which are transferred from the 
rtiecr to the body plane, where it forms a curve. 

The water lines being now drawn in the fhcer and body plane ; our 
next bulinefs is to form tficm in the floor plane, where they will be curves. 
The points thro' which the curve of the lower iViter line is to pafs, are 
liad by transferring the feveral portions of the level line,- intercepted be- 
twixt the line K O, and the curve of each timber, from the body plane 
to the correfponding perpendiculars in the floor plane, where it is mark- 
ed W ^7 /' L. It muft be obferved that the line K O, in the body plane, 
reprefent§ the feveral perpendiculars that are drawn in the fhcer -plane to 
reprefent the planes of the timbers : For the fpaces in the body plane, 
contained betwixt the line K O, and the curves of each timber, arc fo 
many different planes ; and when in their proper places, they will be pa- 
rallel to one another, if perpendicular to the fheer and floor planes. Thus 
the plane contained betwixt the line K O, and the curve of timber 0, 
.is (when in its proper place) fuppofed to be crefted perpendicular to the 
flieer plane, in the line which reprefents the plane of ; and the like 
may be faid of all the refl. The planes of the cant timbers will not be 
parallel to one another, bccaufc thpy are differently inclined to the fheer 
plane; but as they are perpendicular to the floor plane, they willinter- 
le<5t the flieer plane in a line perpendicular to the keel : So the plane of 
the fafhion piece interfeds the fheer plane in the dotted perpendicular e- 
reded from the point F, which is the fame with the line K O, in the 
body plane. We thought it necefTary to take notice of this, becaufe fomc 
who arc learning to draw, miftake the line K O ; for they imagine it on- 
ly reprefents the poft or flem. 

Another error which they frequently fall into, is about forming the 
water lines when their planes are not parallel to the keel. They imagine 
that the half breadths rnufl: be fet off from the line W K, which repre- 
fents the lower edge of the keel j whereas it is indiflFerent what flrait line 
they are fet off from, fo the timbers be cxaftly fpaced, and perpendicu- 
lars drawn to reprefent their planes. Now when the water lines are fup- 
pofed parallel to the keel, all the timbers are properly fpaced, and the per- 
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pendiculars ready drawn to the line W K; which is the reafon it is ufcJ 
in fuch cafes: Tho* when the plane is in its true place, the line W K, 
will be in the line M N. But the cafe will be quite different when the 
water lines are not parallel to the keel ; for then their planes will inter- 
fedt the (hecr plane in a ftrait line, forming oblique angles with the planes 
of the timbers; this is .the cafe in the plane of the third tranfom. The 
diftances betwixt the timbers will be more in this line than in the lire 
W K; fo the half breadths cannot be fet off from the Hue WK, upon 
the perpendiculars that reprefent the planes of the timbers unlefs they be 
properly fpaced at the fame diftance .they are upon the line that reprefcnts 
the plane of the third tranfom in the flieer plane ; upon which account 
we have made ufe of that lin/e to fet off the half breadths from, and drawn 
the dotted perpendiculars at the points where it interfeds the planes of 
the timbers 8, 7, and at the point where it interfeds the lower heighth 
of breadth line. The heighths of the points of interfeSion are transfer- 
red from the fheer to the body plane ; and the half breadths at thefc 
heighths, transferred from the body plane to the dotted perpendiculars 
beifore drawn : The half breadth to be fet off upon the perpendicular 
where it interfeds.the lower heighth of breadth line, is bad from the 
floor plane, and the dotted perpendicular aa^ will (hew the place where 
the half breadth muft be taken: This perpendicular, if produced^ will 
inteded; the plane of the third tranfom in the lower heighth of breadth. 
Having now fo^medi four diagonal ribbands with their correfponding 
horizontals, and alfo two water lines ; we may by thefe, form the fafhion 
piece, either upon the body plane or (heer plane : But as the plane of 
the fafhion piece is parallel to neither of thefe^ it will require two ope- 
rations. ' • 

. Now the line F P, will interfeft aU the ribband and virater lines; but 
l^^caufe^^Q diagonal ribbands are not in their proper poiition, the line F P 
iwiil not incerfed them in the point where the plane ,of the fafhion piece 
interfeds them. The firfl thing then to be done, is to find the true place 
of the fiifibipQ piece on each diagonal ribband : And firfV, to find its place 
upon the fourth diagonal ribband, from the point t, where the fourth ho- 
rizontal riband interfefts the line P P, let fall a perpendicular to the point 
i^ and produce it to interfeift the diagonal ribband in r; fo fhall r be the 
true place of the fafhion piece upon that ribband ; that part of the per* 
pendiculgr ])etW(Xt t and s is not drawn in the plate to avoid the confii* 
fion qC |oo mai)y! lines. The reafon p£ this will be very evident, if we 
fvpppfe^e whole plape of the ribband to be turned round upon the axis 
•W K5 ^ thci^ Jhc ppi»t ^ vfili .ajiwuys be right over fomc point of the 
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perpendicular r t s-, and when the ribband is in its proper inclination, a 
perpendicular from r will fall into the point /, and the plane of the fafhion 
piece will interfeft the floor plane in the line / F, and the plane of the 
dirigonal ribband in a flrait line drawn from r to F : . For it muft be ob- 
fervcd that when the ribband is in its proper place, the line W K will be 
in the Ihcer plane, in a line parallel to the keel ; the heigbth of which 
may be had from the body plane. In this cafe it will be the diftance be- 
twixt K and r, but it will be needlefs to draw this line in the plate. 

Having now found the place of the fafliion piece on the fourth diagonal 
ribband, we muft by the fame method find its place on the other diago- 
nals, as in the plate, where lines perpendicular to W K, are drawn to the 
points Oy Oy Oy in the diagonal ribbands, from the points where the line 
F P interfedts the correfponding horizontal ribbands, 

' Thefe points being now found, we may take the neareft diftance of 
each point to the line W K, and fet off thofc diftances on the proper diago- 
nals in the body plane. Thus, for the fourth ribband, place one foot of the 
compailes in the point r, and the other in the point s in the floor plane ; 
and fet off that diftance from r to S, on the fourth diagonal in the body 
plane : Do the fame by all the reft of the diagonals ; and a curve inter- 
fcding the diagonals in thefe points would be the proje£lion of the ^ftuon 
piece in the body plane, but we have not drawn this in the plate j for a« 
the plane of the fafhion piece is not parallel to that of the body plane, 
its projeSion will be lefs than the original : However this may be found 
by Pro^, 6. Chap. i. Part 2. by the following method. 

ly?. Draw a perpendicular to the line K O, in the body plane, to paf$ 
thro* the point S to F. 

2d. Take the diftance from r to F, in the floor plane, and fet it off 
from r to F, in the body plane. In like manner draw perpendiculars to 
the line K O, in the body plane,thro' the points before found on the diago* 
nals, as in the plate, where only that part of the perpendicular is drawn 
which lies without the diagonal; and take the feveral diftances betwixt 
the points and F, in the floor plane, and fet them ofl^ from the interfec- 
tions of their correfponding diagonals, with the line K O, to the points 
0, 0, in the body plane : So we have the points o, 0, F, thro* which the 
curve muft pafs. 

2^. To find the point P in the body plane, thro* which the curve muft 
pafs. Transfer the point P in the floor plane, to the point P, in the 
fheer plane, by a perpendicular to the line WK, to interfe6t the heighth 
of breadth line in the point P; and fet oflF thh heighth upon the line 
K O, in the body plane, which will be a little above W, thws height of 
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the wing tranfom : Draw a perpendicular at this point, to the h*ne KO; 
take the line F P, in the floor plane, and fct it off upon this perpendi- 
cular, from the line K O, to the point P : Sp (hall the curve ?Y oo^ be 
the form of the fafliion piece. 

Thefe points may all be found without the diagonal ribbands, by half 
breadth lines and water lines, formed on the floor plane, as for inflance : 
To find the point F ; place one foot of the compafles in /, the point wh^re 
the horizontal ribband intcrfcdis the plane of the fafliion piece, and the 
other in J ; t s being perpendicular to W K : With that extent, move the 
compafles with one point in the line K O, and the other point perpendi- 
cular to it, till it interfe<a the fourth diagonal, in the point S^ thro' which 
draw the perpendicular / F. Then take the diftance from / to F, in the 
the floor plane, which fet off" fi-om / to F, in the body plane ; fo fliall F 
be the point required, as before : In like manner the points Oy 0^ may be 
found : But this, as well as the other method, requires two operations \ 
whereas, if feveral water lines were formed, with their planes parallel to 
the kcjel, we might find the points by one operation. Thus, fuppofe it 
was required to find a point in the level line, that reprefents the plane of 
the water line formed in the floor plane, which is marked Wat ^h. Fix 
one foot of the compafles in the point^i where the line F P interfeds the 
water line in the floor plane, and the other foot in the point F. Set ofl^ 
this upon the level line in the body plane, from the line K O to^^ which 
will be the point required. All the other cant timbers^ both in the fore 
and after body, are formed after the fame manner as the fafliion piece. 
We have formed but one more in the plate> which is abaft the fafhion 
piece, to aflifl us in forming the tranfoms. ^ 



SECT. II. 
Of the r RA N S O MS. 

TH £ tranfoms are fafl:ened to the (lern pofl, in tfa^ fame manner 
that the floor timbers are to the keel ; and as the floor timbers have 
a nlmg, fo likewife have the tranfoms, which is called the flight ; and 
befides this flight, the wing tranfom has a round aft, and a round up, 
both which are arbitrary : The deck tranfom has a round up, the fame 
with that of the beams : But in forming the tranfoms. there is no regard 
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lud to the round up ; for that may be done by the beam mould, after the 
tranfom is properly hewed the moulding way. 

In forming the tranfoms, the firft thing to be done, is to affign each 
its proper place upon the poft, and then to determine the pofition of their 
planes v/ith refpedl to the floor plane'; for -their planes are always per- 
pendicular to the fheer plane. In the plat-e there are five tranfoms : Thei^ 
upper fides upon the poft a^e in the points W, D^ i^ 2**, and ^*: The 
planes of the wing, deck, firft and fecond tranfoms, are fuppoled paral- 
lel to tiie floor plane, and reprefcnted in the fheer plane by lines drawn 
parallel to the keel from the poft, till they interfedt the lower heighth of 
breadth line ; and the plane of the third is reprefented by a 4ine perpen- 
dicular to the poft, as in the plate. So it win -net be parallel to the floor 
plane, 

The heighth and pofition of the tranfoms being determined, we have no 
mote to do, but to form water lines for each. That for the third we have 
already formed : The reft being fuppofed parallel to the floor plane, may 
be formed in tlie fame manner as the water line there laid down: The 
only difficulty will be to find a fiiffkient number of points to determine 
their forms ; becaufc in the deck <and firft tranfoms, their planes interfed 
the breadth; fo that we could only have a-ppintjn timber 8, if the 
fafhion piece and a timber abaft k, *had not been formed by the rib- 
bands; but now they are formed, u^e may have likewife a point in each 
of their planes, thro* whkrh the curyes-of the -water lines fhall paifs. 

We fliall begin with the wing tranfom. Firft determine the round aft 
which foppofe the line W T, in the floor plane : Take its heighth from 
the fheer plane,^ and fet it up in tlic body ^nefrom-Kto W, and draw 
the line W T : Then take tnis line W T, and fet it off on the floor plane, 
on the line F P, which will reach to the point n. A curve drawn thro* 
the point n, to break iAfair vjifh thp .breadth line, as in the plate, will 
interl'ea: the line WTinT; fo fhall WT;;, be the aft fide of the wing 
tranfom. Next fpr ^ ckcktranfom, draw, a level line in the body plane 
at the point D^ to- timber "c. '^Set off this drftance upon timber 8, in the 
floor plane, from the line WK ; which will give us a point tferp' Ylhls^ 
the curve TOiift^pais:' Then -take^the difbnce in the level line, ^)et#ixt 
the line'K O, and the curve oif the fafhion piece; which f?t off from- the 
point F, upon the line FP, in the floor plane ; and this will give another 
point thro*- which the curvemuft pafs: Again, take the dif^an^e in the 
fame level line, betwisst thef line K O, and the curve of tbcjimbcr ftbaft 
the fiaftiiort piece ; whichfct oflElfromthe point-G upon the line'G^,'in 
the floor plane ; »nd ivc fhall have a third point thro' which the curve 
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tfauil.paft. . Laftly^ let feU a perpendicular to the line W K, from the 
point D'' upon the poft, and produce it into the floor plane, upon which 
feiofFhaif the thickncfe of the poft, allowing for the rabbet, which will 
limit the end of the water line that forms the deck tranfom. After the 
fame manner are the firft* and fecond tranfoms formed, by drawing level 
lines in the. body plane, .^t their, heigh ths upon the line K O. 

Now fomc are apt to miftake thefe level lines for the lengths of the 
Xranfoihs^ Tht rcafon, as was before obfervcd. is becaufe they imagine 
the line K O to be the ftern poft ; whereas it is the perpendicular in which 
the pkuie of the faihioti piece interfedl^ the (heer plane 3 and fo thefe lines 
;are drawn upon the plane of the £in)ion piece. 

All that DQif renMiins, is to determine the length of each tranfom 5 and 
this is done by the lincF P, in the floor plane, which interfcds the wing, 
deck,; firft iand fecond tranfoms,' to their proper lengths. But before we 
can find the length of the third, the plane of the fafhion piece moft be 
projedcd upon the flieer plane : Thus, take the neareft diftance betwixt 
any perpendicular. in the floor plane, and the. point where the line F P 
interfcfti the water. line; and fet thit off from the fame perpendicular 
japop the lifad thai: reprefents, the fame wat-er line in the flieer plane. Now 
the curve P F will be found to be the projedlon of the aft fide of the fa- 
fhion piece upon the flifcer plane : For the diftance betwixt the perpen* 
dicular of timber 8, and the point yi Where the line F P interfedls the 
lower Water line in the floor plane, is equal to the diftance betwixt the 
fame perpendicular and the curve P F> taken in the line M N. The di- 
ftance betwixt the perpendicular of timber 8, and the point where the 
line F P interfedis the fecond water line in the floor plane, is equal to the 
diftance betwixt the fame perpendicular and the curve P F, taken in the 
line that reprefents the fecood tranfom in the flieer plane. And by the 
fame method, we find points in ihe lines that repreftnt the deck and firft 
tranfoms. The point P is transferred from the half breadth line in the 
floor plane plane, to the heighth of breadth line in the flieer plane. The 
curve being thus drawn, will interfe£t the line that reprefents the plane of 
the third tranfom, in the point 2;: From which point draw the perpen- 
dicular 2J F, to the curve of the dotted water line; fo ftiall '^^z, F, be 
the true form of the third tranfom ; and a line drawn from F to P, will 
be the plane of the fafhion piece. It muft be obferved that the ends of 
the tranfoms are let into the fafhion piece j for which there muft be a 
poper allowance left without the lengths found by the line F P. We 
have in the pkte only laid down the half of each tranfom. Thofe who 
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incline to lay down the whole tranfoms, may eafily transfer the halfi al* 
ready defcribcd to the other fide of the line W F. 

Having now formed all the timbers, both fquare and cant, in the after 
body; we (hall proceed to the fore body. The cant timbers are laid 
down in the fame manner as thofe in the after body, by the diagonal and 
liorizontal ribbands; where the dotted line K T reprcfents the plane of 
the knuckle timber, canted upon the floor plane ; from whenee it is trans- 
ferred to the body plane, and reprefentcd by the dotted curve betwixt 
timber H and G. 

The hawfe pieces are feldom laid down in the loft ; it being the gene* 
ral practice to make moulds for them after the other timbers are put up, 
and the harpins are brought about ; but they may be formed in the fol« 
lowing manner. 

Let P H reprefent the plane of the hawie piece on the floor plane, 
which may be produced to K T, the plane of the knuckle timber : In 
the plate let H be fuppofed the heel of the hawfe piece j from which 
point eredt the dotted perpendicular b /into the iheer plane, and draw 
the dotted level lines a ly c i, in the body plane ; by which, form the 
water lines ^ /, c/, in the floor plane, and draw the dotted lines a I, cI, 
perpendicular to the line A/, in the fheer plane; which will reprefent 
the planes of the water lines. Draw alfo the dotted perpendicular A /» 
to the point where the line b I interfedls the upper heighth of breadth 
line. Upon the line r / in the flicer plane, fet off the diftance H P, ta.- 
ken from the floor plane, P being the point where the plane of the hawfe 
piece interfeds the water line c /. Then take the diftance from H, to 
the point where the line H P interfedts the M4. B'*" line, and fet it off up- 
on the line A/ tot-, or, rather find the point upon the lower heighth of 
breadth line, where the hawie piece comes to ; from which draw a per- 
pendicular to the line i /, and upon this fet off the diftance, as before : 
Then take the diftance fi"om H to the point where the line H P inters 
fefls the water line ^ / in the floor plane, and fet it off upon the line al, 
in the flieer plane to p. Laftly, to find the heighth of the heel, becaufe 
we have not formed a timber at the point H, produce the line H P, to 
interfedt the plane of the knuckle timber K T, in the floor plane, at the 
point r : Take r K, with a pair of compaflfes, and placing one foot in 
the curve of the knuckle timber in the body plane ; fo as that the other 
foot touch the line K O, or rather fet off r K from the Une K Oto i 
upon the bafe line j at which point eredk a perpendicular to interfed the 
curve of the knuckle timber in tlie point i^; fo ihzWk k be tl|e heigblh of 
the htpl, if the plane of the hawfe be produced to interfedt the plane of 
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knuckle timber : But in the plate the heel of the plane of the hawfe 
piece is fuppofed to be at the point H : Therefore a perpendicular muH: 
be ere^d from the point r, into the fheer plane, upon which fetting up 
the heighth k k^ we fhall have the point k. We may by the fame me- 
thod find a point in the plane of timber H> in the fheer plane ^ through 
which the curve of the hawfe piece muft pafs ; and if produced to k^ it 
will interfedi: the perpedicular h /, in the point h ; which is the heighth 
of the heel. 

Tho' the hawfe pieces are fcldom laid down, yet by forming them on 
the flieer plane, we fliall thereby difcover if there be any faults in the 
half breadth lines or water lines : For if the timbers that are formed by 
thefe lines are not fair, fome of thofe lines from which they are formed 
muft certainly be the occafion of it; which therefore muft be redlified 
before we can find the true form of the harpins ; which is the next thing 
to be done. 



SECT. JIL 

To form the Harpins and Rails of the Head. 

A S the harpins are level'd acrofs, they will be formed by the fedion of 
jr\ a plane perpendicular to the fheer plane : But there is no necefiity 
for thefe felons to be parallel to the keeL In the plate we have drawft 
only a ftrait line to reprefenrthe plane of the harpin above the wale. It 
is drawn firom the ftem to timber E, and marked harpin. Now in or« 
der to form the curve of this harpin, it would be proper to form timber 
F, in the body plane : Alfo to draw perpendiculars to the Icveral points 
where the plane of the harpin interfe^ the planes of the timbers £, F, G 
and H, in the fheer plane ; and upon thefe to fet off the half breadths 
correfponding to each, taken from the body plane. This would give us 
the points thro' which the curve muft pafs, which would be a water line. 
But as this is performed exadly in the fame manner as the water line that 
reprefents the third tranfom^ we judge it unneceflary to form it in the 
plate. 

The rails of the head are projcdcd on the fheer plane, according to 
their true hangings ; and in order to find their true lengths, draw the dot* 
ted line S T, parallel to the keel at the heighth of the rails, upon the 
head. We muft then determine the fbtion of the cat-head upon the 
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floor plane ; and Hkcwife the thickncfs of the heid at the rail ; uiA \et 
fall a perpendicular from the point T, where the. line S T interfec^s thp 
cat-head in the flieer plane, to the point T in the floor plane ; and Ukci- 
wife a perpendicular from S in the fheer, to S in the floor plane > and 
draw the line T S : i S in the floor plane being half the thickncfs of the 
head of the figure at the rail ; (o (hall T S, in the floor plane, be the true 
•length of the rail. Let the line T S, in ihe fheer plane, be divided into any 
number of equal parts : Suppofe into the points x^yy z-^ from which points 
draw perpendiculars to the line TS, to be limited by the rail. Divide 
the line T S, in the floor plane, into the fame number of equal parts, in 
the points x,^, z. Draw perpendiculars to thefe points, and make them 
-equal to the correfponding ones in the fheer plane ; fo we (hall have the 
points thro' which the curve of the rail mufl pafs. 

We have now (hewn diflferent ways of forming all the timbers ; where 
it muft be obferved that we have always fuppofed every timber to be one 
intire piece of wood from the keel to the top of the fide ; whereas in 
reality, they are in feveral difierent pieces ; the head of the lower piece 
being cut fquare to join, to the heel of the next above it: And in order 
to fupport thefe joinings, another fett of pieces are cut, and joined toge- 
ther in fuch a manner, that if both the fetts were fafliened together, the 
joinings in one fett, would be nearly againft the middle of the pieces in 
the omer fett. In this manner are all the frames faftened and erected, as 
if each was one piece of wood. The pieces laid acrofs the keel, to which 
they are fattened, are called floor timbers : The other pieces arc called 
fiittocks, except that which goes to the top of the fide, which is called 
a top timber. Hence it is plain that the mould which ferves for the floor 
timber, will ferve for the lower part of the correfponding futtock. The 
mould for the upper part of the firfl: fiittock, will be the fatne with that 
for the lower part of the fecond j and the mould for the lower part of 
the top timber will be the fame with that of the upper part of the cor* 
refponding futtock. It is of great importance in building, to give pro- 
per fcarphto the timbers ; for which we refer our readers to the table of 
icantlings at the end of this part. 
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Chap. IV.' i5^ 

C H A P. IV. SECT. I. 
Of Bevelling the TIMBERS, 

IN the preceeding chapters we have confidered the timbers as plain fur- 
faces, v^rithout any regafd to their thicknefs or breadth ; whereas e- 
very timber confifts of two planes, and the fpace contained betwixt them 
is the breadth of the timber. We have already (hewn how to find the 
form of one of thcfe planes, which is called the moulding fide of the 
timber. The form of the other fide will be different from the moulding 
fide, except in midihips. Now if the timber be properly hewed from 
the moulded fide, we fliall have the form of the other fide : This is what 
is called bevelling the timbers; a term fo well known that it needs no 
explication. We fhall only remark that the bevelling is the angle made 
by the meeting of two planes limiting a folid ; and as this angle cannot 
be meafured by fcalc and compaflfes, without cutting the folid by another 
plane perpendicular to both j it is done by an inftrument called a beveh 
When the angle is a right one, the timber is faid to be fquare, and is 
meafured by an inftrumenft of that name. 

Ir> order to hew any piece of timber to its proper bevel, it will be 
very proper firft to make one fide fair, and out of winding ; a term ufed 
to fignify that the fide of the timber (hould be a plane. Now if this fide 
be uppermofl,: and placed horizontally, or upon a level ^ it is plain if the 
timber is to be hewed fquare, it may be done by a plummet and line j 
but if the timber is not hewed fquare, the line will not touch both the up- 
per and lower edge of the piece ; or if a fquare be applied to it, there 
will be wood wanting either at the upper or lower fide. This is called 
within or without a fquare. When the wood is deficient at the under 
fide, it is called under bevelling 5 and when it is deficient in the upper 
fide, it is called flanding bevelling ; and this deficiency will be more or 
lefs, according to the depth of the piece \ fo that before the proper be- 
veilings of the timbers are found, it will be fometimes very convenient 
to affign the breadth of the timber j nay in mofl cafes it will be abfolutely 
necefi^, efpecially afore and abaftj tho* the breadth of two timbers, or 
the timber and room, which, as was before obferved, includes the two 
timbers, and the fpace betwixt them, may be taken without any fenfi- 
ble error 5 as far as the fquare body goes. For as one line reprefents the 
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moulding fide of two timbers, the forefide of the one being fuppofed to 
unite with the aft fide of the other; the two may be confidered as one 
intlre piece of timber. 

Notwithflanding it is ufual in draughts to lay down only every third 
or fourth timber 5 yet in the loft it will be neceffary to lay down all the 
timbers : But as. our plate will not admit of this, let us fuppofe the line 
aae^ betwixt the timbers 5 and 7, in the floor plane, to reprefent the 
moulding fide of two timbers ; and the lines m n and r i, the moulding 
fides of other two timbers. Draw the lines b c and k /, the one in the mid* 
<ile betwixt e a and m n, and the other in the middle betwixt e a and r j; 
fo fhali the diflance betwixt the lines b c and >i /, be the breadth of two 
timbers, together with the fpace betwixt them : The portion ^ ^ of the 
ribband may be taken for a ftrait line, and then the angle that is made by 
the line b c and b k, or the angle made by the line k I and k b^ will be 
the bevelling according to the fide on which the timber is moulded ; the 
one being as much {landing as the other is under bevelling. In order ta 
find how much this is from a fquare, draw the lines i, 2, 3, 4, perpen- 
dicular to the lines b c and k /; and the portions of the line ea intercept 
ted betwixt the ribbands, and thefe perpendiculars will be what the tim- 
ber is cither within or without a fquare ; fo 4 ^ will be that at the fourth 
ribband : And becaufe the line ea reprefents the moulding fide of both 
timber?, the timber before it will be (landing, and the timber abaft it, 
under bevelling. 

It is very necefliry to obfcrve that the planes of the ribbands fhould be 
perpendicular to the planes of the timbers, which is the cafe in all the 
fquare timbers : But the planes of the cant timbers are inclined to the 
planes of the ribbands ; therefore their bevelling cannot be had by the 
ribband lines in the fame manner as thefe of the fquare, becaufe when 
the flock of the bevel is laid upon the moulding fide of the timber, the 
tongue of the bevel will be out of the plane of the ribband. 
. Another thing to be carefully obferved, is in what direflion the flock 
of the bevel is to be laid upon the moulding fide of the timber. This i$ 
found in the body plane : If we bevel by ribband lines, the diagonal? 
will give the line of dire<aion 5 but if the bevellings are taken by water 
Jines, the level lines in the body plane will give the diredlion m which 
the flock of the bevel is to be laid upon the tinjber : When thefe lines 
jn the body plane are very oblique to the curves of the timbers, if the 
bevel is not kept exaftly in the fame diredion, it will occafion a very 
great error j and only the very fharp edge of the tongue will touch the 
timber. For this reafop, thp bcft way tp take the bevellings will be, fp 
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that both ftock and tongue may be fquare to the timber j but this will 
alter the bevelling, and bring it likewife nearer to a fquare, which is a^ 
jibther advantage vft fhall gain by akering the diredion of the flock j and 
the true hovelling may be found by the following method. 

Let the diftance l^etwixt timber ^and timber 8, in the floor plane, he 
fuppofed the breadth -of a timber; then the perpendicular at 8 will re- 
IV^efent the plane of the aft fidc; iand the perpendicular at 7, the plane 
of the fore fide of the timber in the floor plane : The curve of timber 8 
in the body plane, will be the form of the aft fide ; and the curve of 
timber 7, the fbrm of the fore fide .of the timber: So that the neareft 
diflance betwixt thefe lw;o curves, will certainly be what the bevelling 
differs firom a fquare ; for if the timber were fqpare, the fame curve would 
reprefent both fides of it. 

Now if it were required to find the bevelling of this timber by the 
water line, (W ij /' L in the floor plane) it is evident it will be the angle 
8 / //, if the moulded fide be aft; and x u will be what it is without a 
fquare. This will be in the diredion of the level line in the body plane, 
where it is x 1^ ; but x v being the negrefl difbnce betwixt the curves ta- 
ken from the point x, that mufl be fet off from x to v, on the floor plane ; 
fo (hall 8/1;, be the trae bevelling, when the bevel is fet fquare to the 
timber at the point v^ 'where the firmark muft be placed. But if the 
moulded fide be forward, the angle x u /, will be the bevelling, and x u 
what it is within a fquare ; the fame as that which was without a fquare 
when the moulding fide was aft. Here 1^ 2; is the nearefl diftance betwixt 
the curves, taken fi-om the point u i and when this is fet off from x to z^ 
in the floor plane, the angle x z /, will be the true bevelling at the point 
;k, in the body plane, where the firmark mufl be placed. This method 
will be very ufeful for the cant timbers, when they are bevelled by vi^ter 
]ines, and may be done by the workman, if the bevelling is given in the 
diredion of the plane of the water line, by obferving the following di-^ 
redtions, which are in eflfed: the fame with thefe now prefcribed. 

ift. Apply a fquare to the bevelling board, at the point where the line 
that determines the bevelling of the timber interfefts the fide of the board % 
;and the djflance of the other end of the line from the fquare upon the 
pppofite fide of the board, will be what it is within or without a fquare« 

2d. If the timber has an under bevelling, take the quantity of it, found 
by the fquare, with a pair of compafTcs, and fet it off upon the line of 
diredtion, on the timber, from the point where the line interfeds the 
moulded fide, which is rafed in upon the timber : One foot of the com« 
pa0es being fixed in this point, let the other foot reft in a point in the 
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iline of direction i From, thia laft .point take the iletfeA diitaitoe to the 
^utiide of the timber, and mark the firmark at that place. 

3^. Take the neareft diftance fonnd on the timber, and fet it off from 
the fquare upon the f»ne fide of the bevelling board, from which the 
^idanc^ fet off upon the Hne o£ dine£Hoii/ wasitdcen^ and mark that place 
4ipon the board. A line drawn from that point, to the pdnt where the 
fquare was applied on thic oppoiite fide^f the board, will give Ibe trtie 
bevelling^ to be taken fquare to the timbcr> obfefving to fet it to the pro- 
per firmark. 

If the timber has a ftkndir^ bevelling. We taaO: apply i ilntit edged 
batten to the tine of diredion upon the timber, upon which we iimft fet 
off what the beveiiing is, without a fquare j and* proceed in the fame 
manner as before. 

Nofe. If tihe heveUing board is not exa<31y the breadth of the timber, 
the bevelling. mfuft be tcansfecred from the board to two parallel line^, 
the brbadth of tkt timlbef beii^ the diAance betwht thcfftt. 
. But if it be required to Bevel the : cant timbers by the diagonal ribbands, 
the ang^Fer^^ wiil be that which the faihioh piece Will then make with 
the third ribband : For o being the point where the plane of the fkihion 
piece interfe^ts the third ribband ; a line drawn from o to F, will be that 
in which the plane of the timber interfedts the plane of the ribband : 
Bot then .as thefe planes are not perpendicular to one another, the angle 
F oi will not be the true bevelling, uniefs the bevel be fo applied tmt 
the tongue may be in the direfbion of the ribband, and then the Aock 
cannot lay flat upon the fide of the timber: For which reafon this me* 
thod will not do for pradice; for the fureft way to take any bevelling, is 
when both the Aock and the tongue of the bevel' are fqbare to the tim*- 

•bcr. ; 

In order then to find the trae bevelling upcn a fqiiiare, the direction in 
which the ribband intcrfeds the timber muft be given, as well as the an- 
gle F o A 5 and likewife the breadth of the timber : Now if thcfc three 
. be given, the angle upon the fqdare may with eefrtainty be found by the 
following method. 

r Let tl^ diftance betwixt the parallel lines A B and E F, be the breadth 
of the timber ^j B a the direftbn of the ribband $ and a b what the be- 
velling is without a fquare. [See the V)fg. under the Scale, Plate 7.) 
; Now, that we may the eafier conceive how this bevelling may be 
found, let us fuppofe the tiniiber to be quite ftrait, and flrft-lrimmed 
fquare. Then, bccanfc a b is what it is without a fqilare, it is plain there 
mud be fo much lined off the aft fide of the timber, and when tliis i^ 
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iifewed off ^ tlie .Krte a B will be the breadth of the birtfidc of the tim- 
fccr ; ail* if B D be. inadc equal to B a, and D ^ equal 19 o /^, and the 
angle at D a rigbt one ; then it is plain the angle A fi /, will be the bc« 
veiling, if the tongue of the bevel can be kept in the direftion of the 
line B a: But when the ftock of the bevel is laid flat on the fide of 
the tioiber, the tongue will naturally be perpendicular to the plane of 
the timber, which will be in the line B F ; and if F/ be made equal 
and parallel to D ^; then will the angle. A BjT, be the true bevelling up- 
on a fquare : Biit if the outfide of the timber is a curve, the ftock muft 
be placed at the point /, and t B made equal to F tf ; and the tongue 
will come to the point a. 

To apply this to find the beveHing of the faftiion piece at the third 
ribband, the angle F ^^, is given in the floor plane j and to find the direc- 
tion in which the plane of the ribband interfefts the plane of the tim- 
ber 5 we muft find the angle, or the inclination of thefe two planes to 
one another: For tho' the plane of the timber is perpendicular to thd 
plane of the water lines ; it will not be fo to the planes of the ribbands: 
And what was aflferted in Proi. 7. in regard to the angle at the top and 
bottom of the cheft, viz. that they would be equal, muft be underftood 
fo, as that both the ftock and tongue of the bevel be kept parallel to the 
back fide of the cheft 5 vdiich might be eafily done, when the partition 
is properly bevelled to the backfide of the cheft : But here the cafe isr 
different, therefore we n)uft find it by the following method. 

iji. From the point draw* the line e perpendicular to F ;. the line 
in which the plane of the timber interfcd:s the plane of the ribband on 
the floor plane. 

7.d. Thro* the point in the body plane, draw the line e perpendi- 
cular to K O, being the point where the ribband interfeds the fafhion* 
piece, 

3//. Take the li/ie e from the floor plane, and fct it oflT from the 
point 3, where the third diagonal interfedfe the line K O in the body 
plane to the point e in the line oe. 

And laftly draw the line 3 ^; fo ftiall 03^, be the angle the plane of 
the ribband makes with the plane of the fafhion piece. 

Now let the diftance betwixt the line K O and pf^ be fuppofed the 
breadth of the timber ; then will 3 q be the breadth of it upon the plane 
of the ribband ; which iet off upon the floor plane from to /», and 
draw the line bm^, parallel to F (7 ; io km will be what the bevelling is 
without a fquare, when taken in the direction of the ribband; and the 
angle F ^ the bevelling. In order to find- the bevelling upon a fquare;' 
. ' , • fet 
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fet off the breadth of the timber from e? to /; and make/ z' equal to m by 
fo fhall F ^ 2, be the true bevelling on a fquare. The line 2 ^ is omitted 
in the plate» b^caufe it would be too near to the ribband line b 0^ 

We have now fhewn how to bevel the cant timbers either by water or 
ribband lines ; and much after the fame method, may the £i{hion piece 
of a fquare tuck be bevelled. It both rakes and cants^ and of confequence 
will be inclined to the planes of the water lines, if they are parallel to 
the keel ; as that of the long-boat. (5^^ Plate 5.) 

Now, in a (hip the planes of the water lines may be reprefented by 
lines perpendicular to the plane of the fafhion giece, in the (heer plane % 
and formed in the fame manner as that of the ^lird tranfom in the (hip 
(Plate 7.) : And then we fhall have the true bevelling in the &me man-* 
per as that of the cant timbers. It naay likewife:be done by water lines 
parallel to the keel, as in the long-boat ; where we cannot form all the 
iiece(rary water lines perpendicular to the plane of the &(hion piece, be- 
caufe there are no top timbers. We may therefore find the angle the 
planes of the water lines make with the plane of the fafhion piece; and 
from thence find the tru? bevellings^ by the niethod direded for find* 
ing the bevellings by the ribband Unes^ when the plane of the fafhion 
piece is perpendicular to the flopr plane : So that all that feems now ne* 
cefTury, is to (hew how to find the angle the plane of the fitfhion piece 
makes with the floor plane, to which the planes of the water lines are 
fuppofed parallel; in order to which; 

ijl. Produce the line W ii to the point tn^ in the line g L, the common 
fedion of the (heer and flopr planes. 

zd. Thro' the point m draw the line d n parallel to ^ G. 

3^. Let fall the perpendicular ky^ and thro' the point jf draw the line 
In perpendicular to dn. Draw alfo the line y v perpendicular to Jn. 

Note. The point i may be aiTumed at pleafure. 
. ^b. From the center tv, with the radius m ky interfe<9: the line t nm 
the point /• We may aJ(b draw the line mh, fo imly will be the angle 
iormed upon the plane of the £i(hion piece by its interfecStion with the 
fheer and floor planes. 

Lajfly. With the radius n /, flrom the center n^ interiedl the line yvm 
V'y fo(hall //r 17, be the angle which the plane of the fe(hion piece makes 
with the plane of the water lines 5 as in Prob. 7. Cbap. i. Part 2^ 

Having thus found the angle, let dm he the breadth of tHefalhion 
piece : Thro' d draw a line parallel to n /, to interfedt the line n v in the 
point c; fo fhall r » be the breadth of the fafhion piece upon the plane 
of the ribband. If then lines be drawn on the floor plane^ parallel to 
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gGy ^3/(??,;>rj J as at/ parallel ta^G, .andjf at G be equal to «c, and 
perpendicular to ^^"<j.i, then' the angle ^G/, will .be the bevelling upon 
the plane of the ribband, and. xf^ what it is without a fquare. Again,. 
if from the point G we.fet off///;, the breadth of the timber, and draw 
the dotted line V /, ec^ual and parallel to xf^ we fhall have the angle 
g G iy the true bevelling upon a iquare. ' 

After the he veilings of the tinibers areYound, they are put on a board 
provided for that purpofe, called a bevelling boards This board flx)uld be 
made the'exadl breadth of the timber,' which fuppdfe >, z, s, /, in the figure 
bevel (Plate 5.). If upon one edge of the board vve fet off as many points^ 
as we intend it (hall contain timbers, and place jhem* at any convenient 
diftance from. one another, whether eqii^l or unequal is indifferent, tind 




proper point be at the interfeflion of the pk 

the ribband, and the plane of the timber 5 and when in this portion, if 
we mark the other edge of the board where it crdffes the ribband; a lina 
drawn acrofs the board from thefe tv^^o points,' will be the true bevelling 
of the timber 'at that place. So when the board is applied to tFrnber 7 in!- 
the floor plane, *we ihall find the beyellipg to be as much from a fquare as is* 
expreffed by the dotted fquare line drawn acrofs the board at that place. 
It njuftjbe obferved that the perpendicular at tiniber 7. reprefents the fore- 
fide of the floor timber, and aftfide of its cbrrefponding futtock': So that 
the floors vvill be under, and the futtocks ftanding bevellings, and where the. 
Ipace of the ribband, containing thefe two timbers. Is ftrait, the one will be: 
as much ftanding as the other is under bevelling; as in the plate, . whcrei 
the perpendiculars drawn to timber 7, from the points in which the aft- 
4de of the floor, and forefideof the futtock intcrfeft tf?e ribband, are 
parallel to that drawn thro' the point, where the line that rep/efcnts the 
moulding fide of .both, timbers', interfefts the ribband- This niethodT 
will anfwer for all the timbers,* whef her we' bbyel by half breadth lines, 
water lines, or ribbands, only obferving the diredtions given Before, ta* 
transfer oblique to fquare .bevellings. We ihall likewife hereby find,, 
that in fome cafes, where the ribbands- 'are' very round, one bevellin<^. 
wili-not do for two timbers, and even when it is only taken for one tim- 
ber an attowance; ought, to be'Wdc Te)r:the"fQunJ of tifc timber; for 
which purpofe it will be neceffary in fbme cafes to make a mould to fit 
the round or hollow, and faftenthis to- a flraif edged batteain- the pro-" 

pcrdire^aioD;.. j - . :i. , . ^.4. *.^ •.:... . r . 

. Anothcrim^thod' = pira<Sii9(l , t(>'.ijpd^ the; bevellings Sol :the. fquaie tini- 
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bcrs, Is by the diagonals in the body plaae ; without regarding the eurvcs 
of the ribbands in the floor plane: But this cannot be ufed, unlefs we 
firfl form all the timbers in the body plane. 

Let then the diftance betwixt the parallel lines A B and C D, be the 
timber and room/ that is, as before obferved, the breadth of two tim- 
bers^ and the fpace betwixt theili, and if this be equal to the diftance 
betwixt the perpendiculars repfefenting the planes of ihc timbers, wc 
have all the timbers ready formed in the body plane in Plate 5. and may 
find the bevellings iii the following manner. 

Draw the line A C, perpendicular to A B and C D, for the bevelling 
of : Then take the feveral diftances in the diagonal, from © to the 
points where it interfedls the timbers i, 3, 5, 7 and 9, and fet them oflF 
from the point a^ to the points 3, r, d^ e and^i in the lines A B and C D; 
fo that lines drawn from J to Jl from e to e^ &c. would be parallel to 
A C. Then draw the lines a b^ b c^ c d^ d e^ ef\ which will give the bevel- 
lings of the timbers i, 3, 5, 7 and 9 : That is to fay, of two timbers, vhi. a 
floor timber and a futtock. Sofe will be wbit the bevelling of timber 
9 is within a fquare, as may be feen in the floor plane, by producing the 
line that reprefents the plane of timber 9, till it is equal in length to that 
which reprefents the plane of timber 7 : But it muft be obferved that the 
perpendicular at 9, reprefents the forefide of the floor timber; therefore 
the futtock correfponding to it, is before the perpendicular at 9 ; the fut- 
tock corrcfponding to timber 7, will likewife be before its perpendicular: 
So that tho' this method may give us nearly the bevellings of two tim- 
bers, yet thefe are not the two that are to be fattened together. There- 
fore this method ought to be rejedted, unlefs we fet off. the breadth of 
the timbers on each fide of the line that reprefents the moulding edge, 
and draw perpendiculars betwixt each on the floor plane. We might 
then indeed find points in the diagonal, betwixt the timbers formed, 
which would give the bevellings of each floor timber with its corrcfc 
ponding futtock, 

SECT. IL 

To find the Bevellings of the Tranfoms. (Plate 7O 

THere are two ways of doing this. One is by forming curves on the 
Iheer plane, by fedions of planes cutting the fhip fore and aft, pa^ 
rallel to the fheer plane^ Thefe planes will be reprefented by fbait lin^ in 
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the floor plane, parallel to W K ; and in the body plane, by flrait lines pa- 
rallel to K O* In the plate we have only formed the two dotted cqrves 
in the fheer plane, to timber 7 ; the interfedtions of thefe with the planes 
of the Cranfoms, which in the (heer plane are reprefented by flrait lines, 
will give the bevellings 1 fo that all that is now neceflary, is to (hew how 
thefe curves are formed, and in what dire(^ion the flock of the bevel is 
to be placed upon the tranfom. In order to this, firft draw the two dot- 
ted lines in the body plane, parallel to K O, to interfed the timbers. 
Transfer the heighths c5F thefe interfeftions to their correfponding tim- 
bers on the fheer plane 5 which will give the points thro* which thefe 
i:urvet muft p^fs. Secondly draw two dotted lines parallel to W K in 
the floor plane, to interfedt all the tranfoms : Thefe transferred to the 
planes of the tranfoms in the fheer plane, will give the points where the 
curves interfe£t thefe planes. Thefe dotted lines in the floor plane, mufl 
be the fame diflance from the line W K, that the correfponding ones are 
from the line K O, in the body plane. They will interfedt the tranfoms 
In the direction in which, the flock of the bevel is to be laid upon the 
tranfoms ; and if this fhould be judged too oblique, it may be transferred 
to a fquare one, as before dire<5ted. As the third tranfom is not formed 
in the floor plane, a line mufl be drawn parallel to the plane of it, where 
4jt is formed, to find the proper place and direction of the bevel • 

The other method is by forming more timbers abaft the fiifhion piece. 
Their planes will be reprefented by flrait lines in the floor plane, where 
iHey will interfe<St all the tranfoms already formed. In the plate we have 
only drawn one G gj by which we have formed another cant timber in 
the body plane, in the fame manner as the fafliion piece was formed. 
The angle formed by the curve of this timber, and the level lines that are 
drawn at the heighth of each tranfom in the body plane, will be the 
bevelling ; and the flrait line which reprefents the plane of the timber, 
will give the diredion in which the bevel is to be placed upon the tran- 
foms. This may likewife be transferred from an oblique to a fquare be- 
velling; and if needful, a mould made for the hollow of the tranfom. 

The only thing that remains in regard to bevellings, is to fhew how 
the ribbands are bevelled. Now as their planes are reprefented by dia- 
gonals in the body plane, the angles that are formed by the diagonals, and 
the timbers in the body plane, will be the bevellings; and the perpendi- 
culars reprefenting the planes of the timbers in the floor plane, will give 
the diredion for the bevel. The harpins are bevelled by level lines in 
the body plane ; but as they are not parallel to tlie keel, when the flock 
is laid ikt upon the upp^ fide of the harpin, the tongue will not be in 
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the direflion'of the timber ; -yfcrafS-tWe hArpins are' not aBave? four or' five 
mches broad, this need not be regarded. -Thqfe*\Vhblhcln^6 to'gi-eater 
exaftnefs may ufe the fame method as in* finding the 'bevelfihgs of the 
falhioii piece for a fquara tuck, or form "the- harpins by diagonals in the 
body plane, which may be fo> contrived- as;1l6 inttfrfea the timbters nearljr 
in die fame points with the flieer. -- ■' '^ ' • • ' - * *•' -• ''- -- ' • 

:! r - •■ :•• .-:. ... • r -v' ^ ^' ' ' • -^ '■: 'd xr 

C H A P..' V. 

Of forming Bodies 7tot fimilarto that by which- tbe^ ^ims m 
'' theSeiiorwereconflru5fed:l- "■'■','"•■ ' 

» . . . .*»*.»»• • •■ •' ' . • 

WE have, as was propofed in this fecond part, fliewn the general 
methods ufed in drawing of fliipSj, and how to lay down a fliip 
by the fedtor, if iimilar to that from whkh' the line? were coriftfuifted. 
Wc (hall now fliew the ufe- of tlie fedtqr in forming bodies 'that arc 'not 
fimilar to*onc another.- i '•. - - . • ;. ^ i / 

The firft thing to be done, is to fet the feftor by the propofed half 
breadth, and draw the diagonals as before direfted. Then we muft ToVni 
the midfhip frame by the points, as in Phte 7. By this we (hall diffo* 
ver,^ that it will be either too full or too (harp; and therefore muft b^aU^ 
tered by the artift, according to the fervice the (hip is defigned.for. This 
foremoft and aftermoft timber muft likewife be formed by the* artift • 
and then the portions of the diagonals intercepted betwixt thefc timbers 
iind the midlTiip, will not be the fame as that given by the fedor, when 
fet to the half breadth* In order then to find the points in the diagonals 
for the intermcdis^te timbers, the feftor muft be fet to each fcperatcly^ 
Thus, take with a pair of compafles, the portions of the diagonals inter- 
cepted betwixt the midfliip and aftermoft timber, now made conforma- 
ble to the fervice for which the (hip is defigned ; and by thefc fet thcf 
fedlor feparatcly for each, till the diftance taken by the compafles reacH 
from the. proper points in one leg, to the correfponding points in the 
other leg j and being thus fet, we may find the proper points in that dr-* 
agonal ; and then fet the feftor for the next diagonal. 

In order to illuftrate this, we have in Plate 8, laid down the midftiip, 
foremoft and aftermoft timbers of two fhips ; the one an Eaji India ftiip; 
the other a French privateer. Their bodies are very different from one 
another, and likewife from that by which the feftor was formed ; and if 
the intermediate timbers formqd by the fedtor in both (hips, will product 
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tier: IL' '^ -^ < BvJies that are not^JtmUar. ' s ' ' • iy,$ 

fait «ribbandsj it 'may be prefumed that it may bo very ufeful in any 
•other cafes, ' ' . ' 

Now becaufe we cannot open the fedor in the plate, we have tal^cti 
the feveral divifions of the four ribband lines upon the. after body of tho 
Jedlor, and fettheth off from- the point C, upon the- four lines C l*R, 
2**^, &c. interfering one another in the point C : So that (he point C 
is the.feftie.diftence fronl the' points 7, 5, 3' aiid @, upon thcie lines,: 
that the fame points are from the center of-the joint upon the fed^or. VVd 
have likcwjfe dravvn four other lines to interfe<ft the former in the point 
C 3ut the angle IbrmekJ by the two lines marked 1" R, is not. equal to 
the angle formed by the two lines marked z'^Ry nor to tl>at formed by 
the two lines triarked 3*^ R, 'Or by thofe marked ^.^''R. The angle formed 
by each two lines of the fame najne, is determined in the following man- 
ner. From the center C, an arch of a circle is defcribed to interfedi^c 
line i*R in the point 0. From this point, the diftance betwixt the mid- 
{hip and aftcrmoft timber now formed, taken upon the firft diagonal, is 
fet ofFupon the arch; and the other line C i* R is drawn thro* this point. 
In like manner the other three lines are drawn^ by defcribing arches of 
circles from the center C, to meet each line in the point 0, and fetting 
off upon each arch the diftance betwixt the midfhip, and aftermoft tim- 
ber, taken upon the diagonal correfponding to each line. So the diftance 
betwixt the points and 0, in the two lines marked i*R, is equal to 
the portion of the firft diagonal intercepted betwixt the midfliip and after- 
moft timber; the diftance betwixt thefc points in the lines marked 2** R, 
is equal to the portion of the fecond diagonal intercepted betwixt the afore- 
faid two timbers, &c» The lines being thus drawn, and each divided in 
the fame proportion as its correfponding one of the fame name is, tlie 
points on each diagonal for the timbers 3, 5 and 7, will be found upon ex- 
amination to be at the fame diftance from the after timber, that thefe points 
are from one another, in the two lines correfponding to each diagonal. 

Tl)^ like procefs may be ufed for forming the intermediate timbers in 
the rofe- body: But it muft be obferved, that in forming the ribbands 
fi-om thefe timbers, their ftations in the flieer plane muft be determined 
by the fedor, as in Plate 7. and after the ribbands are all formed, the 
proper ftations of the timbers may be affigned. 

Now tho', both the ribbands and timbers thus formed may prove fair, 
yet neither this method by the fedor, nor any other method, which has 
been publiflied, can be eftabliflied as a certain invariable rule; becaufe 
the curves by which they'are formed have no properties peculiar to them- 
felvcs to diftinguifli them from all other curves, as was before obferved. 
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176 ^eUfeof the ISe&or in firming B(»Hes^&c. Gmap.V^ 

The only way to make any confiderable improvements in this art, we 
prefume, will be, by carefully examining the different bodies of feveral 
ihips that have been actually built, and whofe good or bad qualities have 
been difcovered by experience. We have therefore, for the iake of fuch 
of our readers as are not furnifhed with a fufficient number of draughts 
for that purpofe, coUeded into the following table all the dimenfions that 
are neceilary to determine the form of fourteen different fhip$; and we 
may venture to affirm, that the youth will receive more benefit by deli-^ 
neating thefe from the dimenfions, and thereby fooner acquire the art of 
drawing, than by all the rules and diredions imt have beea hitherto pub« 
lifhed on that fubjed. 

The dimenfions in the following tables are taken from the diagonal 
icale, Plate 2. and the mimber of equal parts contained in twelve feet, is 
fpecified at each ihip. 
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.-DiusMsioKs-^ formttg theB O D I £ S. 
A firft RATE 100 Guns. : 2242=12 Feet. 



Timbers 
names, 

e 

8 

16 
24 

30 
D 

M 

W 

X 

i 



on the Adtliclirie > 



ift. 

1620 
1460 
II86 
0766 
0311 
1586 
1346 
0518 



Diagonals. 

4th. 



D. (lance from diiio on 
ttttbaie produced 



1178 
1184 



2d 

3"4 
2790 
2212 

1532 

0577 
3016 

2538 
1386 
0828 
2281 
2300 



3d 

5104 
4678 

3930 
2980 
17S0 
4998 

4398 
2878 

2251 

4142 
4128 



6432 
6094 

556^ 



44705940 



5th. low 
7 j8o 4i78 



720043164844 



6822 



2940 
6322 
5848 
4362 
3668 
6003 
5944J7780I 



Heighch of bread.lHalf brea 

■ I " ,• ' 



upp 
4790J 



4646 
5290 



4636 6070 
73164212 
7000 443Q 



573651485240 



5046155*6 
790 



4998 

5490 
6137 

4776 

4777 



5578 



top ti 

9790 
10080 
10438 
I 
1 1423 

982,2 

99^5 
10325 



024044 



mam 

5476 
5388 

52 



0934 4742 
41 10 

5457 
5262 

18 
3924 



top. 



4930 
3886 



14 366] 
3374 

3135 

4028 

3940 

372 

365 



Hfiailce o( 
franjcs. 



^±W 



7Z32 
11862 

16492 

19976 

4626 
9270 

8II3870 

5006 



2 I 



N^2. 



A fecond R A T E 90 Giins. 27 r{ 1= 1 2 Fcet> 



Timbers 
names. 

■ m 

9 
18 

27 

32 
I 

s 

w 
z 

Heift.rb of the diagonals i 
rnihti middle tine i 

Dii\4-i'C from dltio on 7 
lae ^»ai» ptudiKcd 3 



ift. 



Dii^onals, 



2d. 



,1589 
1410 

0973 
04050813 

010502060880 

146528044750 

1022201 2141 84 



3i 

4974 
4700 



3010 
2728 

11403812 
2163 



4th. 5th. 
62207164 
6008 705 



.074315803186 

026509302336 
■ ii64'22i44o6oJ59i2 7774 

1 1 6422 14I4084I5944 7823 



163 



■ iHeighth of bread. 

1 Irknr iir\iA It-rtr* «*i 



Half brea 



42245070 
4416 5 1 30 



5 

38945517 

24144223 

6072 7126 

53640624 

47866083 

38725132 



665048375310 



low. upp. Itop. ti 



57145844 
63566425 
43555060 
49605295 
53605569 
59276018 



97505410 
5366 
5228 



mam 



1 004 1 

10436 

11000470413312 

11388 

9774 
1000 
10136 
162 



4010 
412 

521 
4867 



4 541 2 2 
6 C2i6 i 



72 4ii6f3^i 



top. 



3916 

383 

3652 



302 
848 

37.40 
3686 



DUUnce of 
f aoies 



^ro.■@ 



0000 

6820 

11914 

17014 

19842 

6556 
1164^. 

13345 
15045 



N<* 



A third R A T E 74 Guns. 27,:^o==i2 Feet: 



Heiglithofbfead.fHalt brea "'i'Zt'^] 



J imbtrs 
names. 

© 

9 

• 8 

27 

33 
F 

M 

• S 

Y 

Ilei?r»?iorrhed^jg«Mb) 

4i> m.'.idtc \:ttt \ 

DH't'KC Ucni diiio on~ 



ibi. Uic p.'odtaced 



} 



ift. 



»533 
1462 

1 191 

0586 



01400340 



1464 
1310 
0962 



1152 
11-44 



Diagonals. 



2d. 



28774658 



2729 
2199 



4533 
3922 



11942500 



2745 
2426 

1796 

0694 

2155 
2172 



3cl. 



XI 56 

4547 
4206 

3267 

392«S 
3942 



4th. 
5923 



4660 
3210 
5706 



3th. 



6864 

58o6f6743 
5241 
3956 
2512 



6229 
5182 

3992 
83467.78 

504645 



57H74S4 



low. 



40694632 



4199 

4580 
5299 



60866 

4114 

42 

4647 



57^2 

41995295 
7462 



upp. 



4717 
502,6 

5572 

. ^95 
4.662 

704741 
4996 

5400 



top ti. 



7920 
8142 
8482 
8990 
9430 

7952 
8063 
8256 
8468 



mam 
1 66I4064 



5^^3 
4790 
4228 

35^4 
5140 
4926 
4-3^5 
3147 



top. 



fro.©^ 



3966 
3762 

3350 
2952 
4012 
3867 
3580 



6840 
11962 

"70? 3 
204b9 

48112 

82f4 
11628 



319714468 



N° 



44 
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Dimensions for forming ^i&^ B O D I E S. 17^ 

N^ 4. A fourth RATE 50 Guns, 1034 Tons, 2722=12 Feet. 



Half brea. 



Timbers 
names. 

e 

9 
18 

24 

29 

i 

p 

s 
w 

adfhthordittoiulMl 
tb*aMrllelbe { 

DMuce Crom ditto oo I 
tte b«fc fi oi V t c ii l J 



ift. 
1406 
1260 
0918 

0532 
0146 
1264 
0967 
0640 
0190 
1058 
1071 



2600 41 54 5216 6000 3444 
23163884497858033620 
I676I2923 4120 51 18 4050 



Diagonals. 



2cl. 



1042 

0349 
2322 

1742 

1265 

0640 



206: 



3d. 



3000 

2358 



9803480 
1984I3482 



4th. 



5th. 



jHeighth of brea. 



320643864466 
10042151 34545000 
3900497057543666 
4191 51494108 
346645204482 
2452341450245024 
49746471 



low. 



3950 
3968 

4219 
4598 



49766480I- 



upp, 



cop. main 



7010 
7146 
7500 

7857 



5056 8246 
3962 7078 
4314724040 
4582 7360 



4496 

4398 
4068 

3654 
3040 

4390 

3626 
2690 



top. 



t«-o.£B 



3409 

3355 
3094 
2798 

2456 
3318 
3020 
2798 
2540 



0000 
5646 

10993 
'4559 
17505 
5342 
8898 
10688 
12460 



N<^ 5. A fifth R A T E 40 Guns, 706 Tons, 2736=12 Feet, 



DMance af 
franct, 



Timbers 
names. 

© 

10 

19 

25 

28 

G 

N 
T 
Y 

the mUdle line \ 

Dttance froa ditto on? 

ctebift ^odacol \ 



i9l 

1208 
J 098 
0680 



2000 
1818 
1218 
03390600 



0128 

0911 

0356 
0000 
1020 
1016 



Diagonals. 



2d. 



2346 

1448 

02160761 



3333+400 
31364230 



1716 



3d. 



0772 
0282 
17443066 



4th. 



3500 

2558 
1796 

33004360 



1768 
1133I2200 



4342 



3123I46346230 



5th. 



5090 

5030 
4416 
3560 
286447 



1958 , . 

153427643880468235143^62 



Heighth bf brea. 



low. 



3230 

32543778 

3628 

4220 

08 

504013290 

I 

2880I3710I4015 



2910441414510 
5564 



upp 



3766 



top. 



39606850137 

4398 
4760 

3778 



43 



711 
7262 

643^ 3990 

6544 3762 

41946680 3066 



Half brea. 



mam 



6404 4006 
6570 4006 
12 
198 
2950 



6776 2298 



top. 



iT^ 



3027 



3027 
2828 1 
251 1 
2376 
3027 
2998 
2' 
25741 



0000 

5954 

0424 

13400 

14888 

4210 

7178 

8oo|i 01 56 

11676 



Aa 



N''7. 
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DiMEKSioNs jar forming /it** B O D I E S. 
A S L O O P of 1 ;o Tons, 2696= 1 2 Feet. 



Timbers 
names. 

e 
4 

14 

D 
F 
H 
K 

HcW>th»fthe41nnMlii 

MihcmiMteliiie J 

DilUMC (com 4itta an~ 



I ft. 

0754 
0678 



0254 



1448 
1500 

i898]23i^i632 
0476109 10J1403 1898 1895 



05180899 1405 



01150220 



0714 
0616 



Olio 



} 



Diagonals. 



2d. 



1262 1830 229012575 
1145 ^7^2 21682512 



3d- 



04490836 137^ 1872 2257 



>04i2o87d 1351J1773 
0614 1066 1€ 1 6 2 1 3*6 2644 
o6i4(T046|r7DOp3'78|3ioi 



4th. 



0538 1057 



119417662217 2538 
1072 1651 21342481 



5th. 



ridg 



ith ot brea.! 



low. 



15902074 



1500 

^793 
2106 



iH^f brea 



up£. 



7582652^ 



1622 
166^ 

I 

1939 
2090 

1717I 
1848 
2106 



top. 



510 2078 
550 2062 



2819 
2920 I 



6562538 



2856 



main 



1939 



704 1 6( 



446 
2678 



2608 2048 
27021930 



1586 



top, tro.^j 



1976 
1906 
1830 
00 
1362 
1 961 
1918 
1848 
1668 



Id 



2OOOI 

4150 
6268 

7334 
1999 
3070 
4144. 
5212 

■ >i li ir J 



N° 8. The LoNPON East Iktpia Ship 6 jo Tons, 273o^;;2 Peet 



Timbers 
names. 

e 

4 
12 
20 

. 24 

D 
H 
M 

O 

tfn the nidi If line S 

Di|l*iiw Iwm di«io 4*1 

lUtafeproiiBCid \ 



1374 
1 140 
056(i 



2d. 



1430J1588 



Diagonals. 



38864720 
247^379^4636 
204033064252 



1 148 



.3784463^ 
227635^6448 



02280546 

13762485 

1264 

I0I2 
O5781340I2577I3652 

1 1 1020203330 4640 595d 
n&e{2O2OT3226^4407l557 



4th. 



218232704110 

• 37*1243^3528 

5140 



1 8 8^3 1 20J4 1 1-6 47 12 
4346 



Heighth of brea 



5tb. 



52103230 

5133 
4816 



low. 



upp. 



3654 6014 3*74^980 



3754 6126 3623 2966 
43961669^^ ^7012580 I 



40 



rtiain top, 



4646 $9Bd 
3694 60 



)12 



^9od6o9ol§4i6 
' 5 1 86 



l^^'tB 



[■AT. 



Half brea, 



4152 

8296 

2444 

297412420114526 

361243958 3894 

3786|6os^g566|49i4| 597^ 

8060 



+ 



I 

18 1 2 
4712 



OttaiKCol 
fnima. 



tfo.^ 



9404 



N^Q. 



The B ON E TT A- tgS' Tons, gf feife^ia Feet. 



Timbers 

9 
18 

24 

^6 

I 

P 

H 

S 

4>« the iniddte line ] 



1ft. 



tHagonats. _ JHfeighth of brea 



2d. 



0915117072935 
084215481797 
05 1 6 0956 1900 
020603540890 
01680498 



0120 
0810 

0539 I044|2047 
02200640 1550 



07jo6|t 315123^1 



3d. 



306037863492 

25'0 3220 35^2 

-10362 1 1 74 2090 2756 3677 
07101320249037405000^ 



Ttir 



!o*r; 

39344616 4704 
3775+4622790 
28983690 S4J10 
166^1422 4150 
108^ 



(34^43931- 



upp. {top , mam top. 

30265*32 3*60^521 
3084530831402474 
3660550827332238 

4336574c* ^836 1^96 



1524 27663756 44^ 4830 313653201 3*42 



1710 H»o 4584 5*32 1244 



Halt brea. 



<>i.uuicc pt 



35^0 5550 1708 2330 
3800 5678 2290 2040 
39565764119421748 



-i. 



fro© 



I%42 
5M 



4599 
9198 

12.264 

^3254 

4364 

7430 
8470 

9000 



N<>io. 
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DjMEifSioiiS. Jbr formi72g the BODIES, 

The THAMES 340 Tons, 2745=12 Feet 



i»r 



Timbers 
names. 

© 
3 
5 
7 

8 
B 
D 
E 
F 

Beiflitk ofihr iBtagaali > 
DiCaace fioa diao eni 



Diagonals. 



ift. 



1024 ,1.7 ji 



05320951 

0345 
0&44 



2d. 



i3d. 



0845 i44i{2.^S 
05100913 1920 

0106 0155 0653 
0970 164728^26 
07Z2 12402315 



2909 



0699 
1434 2^82 



1909J 
1561 



4th. 



<>?5^»439|24i9l3 3*7141.1.0 



2600 
4068 



5th. 



oc 

2 



3962496625 
369447X2272 

31074^49 3 
2 "3 343^366 

1735 
3870 

339543«2 3ii5 
298639423396 



Heighthot brea. 



low. 



.165 
661 
309^3816 



4850 2624 2979 
4382 



3536|3594]36 



upp, 



2930 

3058 
3341 
37^^ 



3233 

3458 
22 



top. 



521 1 

5Z3Z 

55542 



5^7^ 



3^54 59^3 



Half brca. 






mam I top, 



3^9^ 
^306 

846 



<^'533 
^410 
118 



5220 3 
52906876 
5354 fe6oo 
539^ ^3^0 



2464 

m^ 
2251 

2023 
1928 
2400 

223f 
2136 

2055 



4795, 

11130 

11952 

3190 

6i57 
7272 

79501 



N<^ii. AFRENCH Privateer of 3 72 Tons, 27^ 0= 1 2 Feet. 



Timbers 
names. 

© 

8 

16 

24 
27 
H 
M 
O 
Q. 

Vlftutn from ditto od 1 
tbtwm produced ' 



Diagonals. 



080717532746 

o7oo[i 536(2480 
.'79^ 



0450 10 10 
01640370 



0073 



'] 



07 SO 1544 
(^25x238 
0428 0956 
0106 0518 
0800 i6i I 
08,06 j6j20 



OH60279 



irs^izooioj^o 



2449 

]oi6 

1088 
2472 



4th. 



3770 
3174 
2530 



0598 

3IH 
2628 
2248 
1-672 

3232 



28.80I4363 



5tb. 

3686 

3578 
3134 



{eighth 



jow. 

i7^2 
2830 
3084 
3608 



330 3907 



2.874 

122 



I 

3464 
305 

27IOI3354 

21 

3906 

6176 



II 



of brea 



top. 



4514 
4536 
4708 
5062 
5260 
4600 
4700 
47522 



iHalf brcar/llr™r 



main top. lit. 



3242- 
3216 

3030 
4600 

2364 
3096 
281 



4834 2084 



2734 
2711 

2584 
4280 



2110 
2660 

^ 548 
5262486 



Oi2 



2398 



3948 

7876 

I1812 

13294 
3700 

5674 
6670 
7.648 



N<» 



12. 



A S HI F of ih2 Tons. 2702=12 Feet. 



Heighthof brea. 



Timbers 
names. 

4 
12 
16 
18 
D 
H 
K 
M 

■ekktlaf tW iltnooilnl 
^ntte viddie Hue f 
BMoice IroM dUto oa~ 
tkfrba&frvdiwed 



2d. 



ill. 



0914 1652 



Diagonals. 



3f!: 
2500 
08 14] 148612 340 
0535096215^0 
026005040956 



00900217 



} 



O80O 
0630 
0298 

0716 
0712 



1458 
1 140 

0776 

0100 

1300 

1300 



0510 

2334 
1892 
i486 
0716 
2I16 
2187 



4th. 5th. 
3^018 3218 



2898 



22202692 



1544 
1034 
2916 



2IIO 
1264 
2920 
3^32 



3138 



209( 

1670 

3175 



254612900 
2506 
1622 

3652 

4160 



low. 



2308 



upp. 

2590 

2664 
2926 

3^79 

3317 
2668 

2842 



top. 



3838 



3926 2430 
41702226 



434c 2026 
4444 1888 
3898 2465 
39742318 
30104026 2066 
32324090 1361 



Half brea. 



franc*. 



main 



2494 



top. 



2136 
2o86 

1776 
1682 
211 
201 

1848 
1287 



fro.® 



3520 

7034 
8776 
9658 
3356 

5x35 
6014 

6912 



Aa2 



N«i3 
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The Ufe of the Tables of Dimenftons. 
A Fifliing S M A C K, 114 Tons, 2723=12 Feet. 



Timbers 
names. 

© 
6 

12 

15 

i8 

C 

F 

I 

U 

Heighth of the ditgwiab 1 

* 00 middle line ) 

Dittance fiom ditto on) 

Che boie prodoced | 



Diagonals. 



TftT 

0681 

0554 
0321 
0186 
0098 
0628 
0566 



1316 

IIOI 

0660 



2d. 



0424 
0216 



1234 

IIOJ 

O440J0861 



3d. 



2IOC 2672 
I91625OO 
1366 2090 



1026 

2031 

1872 

1522 

0124I0726 



0500 1000] 1820 
O50o|ioooi[82o|2644l3456 



4th 



1728 
1300 
2600 
2450 
2io8 

1345 



5th. 



3143 
2988 
2698 
2418 

i960 



26443456 



Heigbtf* ot brea. 



low. 



1920 
2042 
2211 

2336 
2504 



3064 1930 

2918 

2580 

1 8 14 2600 



d020 

2176 



upp. 



top. 



33102400 
3186 2361 



3200 

3278 

3386 



3508 

3620 

3800 



Halt brca 



DlitaiKe I 
fnJDrs- 



main 



2158 
1930 

^55^ 



3400 2361 



2^48 
1968 
1330 



top. 



2051 
2000 
1800 
1608 

•348 
2024 
1930 
1684 
1000 



fro.eBi 



2142 
4298 

5374 
644.0 
1078 
2164 
3240 

4312 



N^'h. 



A S L O O P of 50 Tons, 5462=12 Feet 



Timbers 
names. 

e 

4 

8 
12 

J4 

B 

D 

F 

H 

Helgbth of the diagonals 1 
00 the middle line 5 

Olftance from dii^o on 5 
thcteft frodaccd { 



lit. 

1422 
1400 



2547 
2518 
123412235 



0854 
0536 
1372 
1278 
1116 

1129 
1120 



2d. 



Diagonals. 



1648 
1 174 
2458 
2280 

1993 

1338 
2024 

2020 



3d. 



368447245698 



4710 



3^57 

33544452 

2665 

2II2 



3400 
3001 
1264 



2838 



4th. 



5676 

5454 
4882 



4045 



3 no 4352 



3583 



5th. 



1956 
2028 
2295 
2770 
3052 
o 
4484I5454I2.193 
2444 
^873 



3808 

32444424 



359846705634205028 



4981 



3,2143980 



5778 
4250 



Heighth ot brea. 



low. 



upp. 



2770 
2782 
2900 
3216 
3408 
00 
29^5 
3113 
3432 



top. 



4190 
4164 

4257 
4465 
4606 

42 
4412 

4578 



Half brca. 



mam top. 



3216 

2985 
963548 

34363 
3112 



47902388 



35703303 
35703303 
34943252 
3022 
2812 
3252 
»54 
2882 
2200 



>iteiKea< 



fr.o0 



2968 

5984 

8898 

10346 

2662 

4154 
5624 
7120 



Thefe tables of dimenfions are (6 partrcutkr that one example will be 
fufficient to illuftrate their ufe in laying down any of the fliips. 

Let it then be required to lay down the Bomtta. pinky wliich in the ta- 
bles is N^ 9. 398 Tons. 

i/. Draw the line A B, upon which ereft tlie perpendicular C D ; and 
becaufe the maia half breadth in the column is 3268, take that from the 
fcale, and lay it off from C to A, and from C to B, and erecft perpendi- 
culars at A and B, - 

'2d. Look for the lower heighth of breadth^ in the column; which 
will be found to be 2704. Set up this from A to L, and from B to L, and 
draw the line L L, which will be parallel to A B. Set up alfo the upper 
heighth 3026^ from A to V, and from B to V 3, and lay off 23 54, which 
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^be life the Tables of Dimen/ions. 1S3 

by the tables is the radius of the upper breadth fweep, from the points 
V and V ; which will give us the center of the fweep. 

3^. Set up 5232, the heighth of the top timber line, from C upon 
the line C D ; thro' which point draw a line parallel to A B, and lay off 
2521. the half breadth of the top timber, both ways upon it, from the 
line C D ; and form the top timber by a mould, to break mfair with the 
back of the upper breadth fweep. This compleats the upper part of 
the midfhip frame. 

4/^. To form the lower part of the midfhip frame, draw the five dia- 
gonals ; their heighths from the point C, upon the line C D, and their 
diftancc from C, upon the line A B produced, is given in liie proper co- 
lumns. The heighth of the fifth diagonal is 5000, which fet up from 
C to. 5 : The diftance from ihe middle line upon the bafe is 4393, which 
lay off from C, upon the bafe produced; and draw a line to this point 
from c J which will be the upper or fifth diagonal. In the fame manner are 
the other diagonals drawn,by taking the numbers from the proper columns. 
^tb. Lay off 4616 from 5 upon the fifth diagonal, 3934 from 4 upon 
the fourth, 2935 from 3 upon the third, 1707 from 2 upon the fecond^ 
and 915 from i upon the firft diagonal: A curve pafling thro' thefe 
points, and the main breadth at the lower heighth will form the midfhip 
frame to the flooB head. A flrait line to touch the curve in this pointy 
drawn to the upper edge of the keel, compleats the whole tnidffiip 
frame. The points in the diagonals are in the column correfponding 
to ©, 

^ In like manner we may find points in the diagonals, for all the other 
timbers, and alfo for their lower, upper, and top timber heighths of 
breadths and half breadths, from the dimenfions in the proper cohimn« 
<x)rrefponding to each; and by thefe form the timbers. We may Kke- 
wife flation the timbers in' the fheer and floor planes, the drftances of each 
from ffi being in the proper columns, and alfo form all the curves that 
are neceflary. upon thefe planes. But as our plate will «ot contain this, 
we fliall only lay down the flem, poft, counter and ftern. 

In order to do this, draw the Jine Z X, to reprefent the upper fide 
of the keel ; and at any convenient place eredl a perpendicular for the af- 
ter timber 26 : The diftance of this timber from ©, is 13254; and the 
wing tranfom from @, is 14744; which therefore is 1490, abaft timber 
^6. The heighth ot the wing tranfom is 5440. Set up this from the 
line Z X, upon a perpendicular ereded to the point W 1490, abaft timber 
26. The diftance ot from the fore part of the poft is 12994, which 
iubtraded from 13254, remains 260. Lay this off from 26 to P, and 

draw 
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1 84 ^he Vfe of the Hables of Dimenfions. 

draw the line P W for the fore fide of the pod. The counter is 2150 
abaft 26, which lay off on the line Z X, and eredl a perpendicular, upon 
which fet up 5680 to r, which is the heighth of the counter. The up- 
right of the ftern at the flieer rail, is 2370 abaft timber 26, which fet 
off from timber 26 upon the line ZX, at that point ereft. a perpen- 
dicular to J, and draw the line c s, which may be produced to th^ 
heighth of the ftern, as in the plate. We may ' then form the coun- 
ter; where it muft be obferved that a pink has no traafom. We 
have only affumed the point W to determine the rafce of the poft. Tim- 
ber 26 is 13254 from ©, and timber 24 is 12264 from ©. Therefore 
the diftance betwixt them is 990, which fet off from 26 to 24, give$ 
the ftation of that timber ; and by the fame manner, the ftations of the 
other timbers may be found. 

Having thus laid down the ftern, we (hall in t^ie ne3^t place, lay dowi^ 
the ftem. Eredt the perpendicular X T, ta limit the fore part of the 
ftem; upon which fet up 5526, the heighth of the aft fide of the fteni 
from X to T, and let b be the aft fide of the head. The hea^ of the 
ftem is 10266, and the touch of the ftem is 6^z6 before 0, llxerefore 
the diftance betwixt them is 3440, which fet off upon. the line Z X, frpax 
a perpendicular let &U from ^; this will give the point,/, the touch o£ 
the ftem, wherQ ereft a perpendicular, and fet up 3206 to ^5 which 
will give the center of the lower fweep of the ftem. Tbc. radius of the 
upper fweep is 7080, and n the center ; and thefe two fweepi will fbrnx 
the ftem. We may now flation the timbers F, I, M, P, R ani S, a§ ia 
the plate 5 for as the touch of the ftem is 6&26x an^ timber P 743Q be- 
fore © ; P will be 604 before the touch of th^ ftepi. We have i^ the 
plate laid down the main and top timber half breadth^ lines, alfo the rif- 
ing and narrowing of the floor and floor fweeps. After; the fanae manner. 
a;iy of the other ftiips may be laid down from the taUes.. 

Having now giveft the principal dimenfipnSi wcihajil in the next places 
give the fcantlings^ 
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GLOSSARY, 

OR 

EXPLICATION* 

Ctf T £ R M S (ckting to 

SHIPBUILDING. 



B 



E A M S, 4re thi; large piece? of timber, whu^h are laid acroTs (He 
(hip ; their ends are lodged on the cbnip^y aad being hound bj 
knees to the fide^ keep the fiiip to herbreaddi. 

B o w^ is the rouad part of ^e ihip^ forwad. That oti the right haod^ 
with one^s hce totwzrd^ is caBed the Starboard, and that on the left 
the Larboard -bov s they both unite at the ftem* 

Breast-hooks^ are large knees £iycd acrofi ihc ftem to both bows, 
into which they are bolted. 

Cajulings^ are fquare j^ieces of timber, lying fore zsd aft from one beam 
to another, into which they are fcored. 

Cathiai>^ is a large fquare pieee of timber > one end of it m fastened 
upon like ibrecaftle, the other end pKJc^to without the bow fo faras 
to keep the anchor clear of the flm w^n k h heaving up by a tackle^ 
the block of ^^i^iicfa is called theCat*block : The rope which paiTes^ 
tbro'the feveral fhiyers of the block, and extremity of the ^thead> i$ 
called die Cat-fell. • 

B b CxjiMPs^ 
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i88 A G L S S A R 1^, or 

Cl AMFSy are thick planks, which fupport the ends of the beams. 

Counter. The hollow part of the ftern'above the wing-tranfom is cal- 
ed the lower, and that part betwixt it and the lower part of the cabbin- 
lights is called the upper or fccond Counter. 

Dead wood, confills of large pieces of timber laid one upon another, upon 
the keel, afore and abaft, where the (hip is fo thin as not to admit 
of fuflicient fubftance for the two half timbers, which are therefore 
fcored into this dead wood. The half timbers are ufed when, bjr 
reafon of the ftiarpnefs of the floor, one piece . of timber cannot be 
had which will make a floor-timber. 

Decks, are the fame in a fhip that floors are in a houfe, .and are denomina- 
ted, according to their heighth^ lower, middle, and upper : Befides 
which, there is a deck which covers the cabbin, and reaches from the 
flem near to the main-maft ; this is called the Quarter-deck. In fbme 
ihips there is an apartment above the great cabbin, called the Round- 
houfe ; the deck which covers it is called the Poop. Another deck 
covers the forecaftle,^ which is an apartment in the fore-part of the 

(hip, in which is the cook-room. 

> . • .- ■'...••.•, 

Fa Y^ is to fitt two pieces of wood fo as to join clofe together. The plank 
is faid to fay to the timbers when it bearsj or lies clofe to all the 
timbers. 

HARp;rNs,;iare»the fore-part of the wales )vhich go round the bow and are 
iafteaed to the ftem. 

Hawse -PIECES, are broad tipabers io the bow of the (hip, thro* which . 
there are holes cut for the cables to pafs. 

Head, is feme figure, ofteii that of a lion, carved as an ornament for the 
fore-part of the (hip. There is a large piece of tXnSbtr fayed to the ftena 
upon which the figure reds ; this is called the Knee of the head, and 
by reafon of the great breadth at the the upper part, it is compofed of 
feveral pieces: It is let into'the head, and fiiftened to the bow on^ach 
fide by knees, called the Cheeks of the heai The head is fupported 
by rails, which extend from the crown of the figure to the cathead. 

Heel. The lower part of a maft, or any timber^ called the heel, and the 
upper part the head. 

Keel 
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Keel, is the principal piece of timber firfl: laid upon the blocks, ..which 

fupports the whole ftrudture. When this cannot be had of a fufficient 

depth in one piece, there is a plank faftened to the bottom, called the 

. . Falfe Keel, which ferves likewife to fave the bottom of the main keel. 

Keelson, is fayed over the floor-timbers, and bolted thro' them into the 
keel. 

Knefs, arc crooked pieces of timber. One leg or arm is bolted to the 
beams, and the other to the fhip's fide. They are cither lodging or 
hanging. The hanging knees are fayed up and down, and the othj:;rs^ 
fore and aft the fide, and refl upon the clamps. . 

Limber-boards, are ihort pieces of plank, fayed next to the keclfon, 
. which may be taken out to clear the limber-wholes, that are left ej- 
, ther below or above the floor-timbers, for a paflage for the wajter to the 
pump. 

Rabeet. When a plank is to be faflencd to any piece of timber, fuch as 
the ftem or poft, there is fo much wood cut out of the piece as the 
plank is thick, which is called the Rabbet; and when the plank is 
let into this rabbet, it will be even with the outfide of the piece, as at 
the after-end of the keel, and lower end of the ftem-poft. 

. Rails, are narrow planks, gencfsilly of fiiv upon which there is a moulding 
fluck. They are for QFnahient, and nailed acrofs the ilcro above the 
wing-tranfom and counters, &c. They are like wife nailed upon fe- 
veraTplanks along the -fides*; fthe'ihpki^^ctiikrw^ called the Sheer-rail, 
which limits-thchcighth of the iide&om the forecaffcle to the quarter- 
deck, and runs aft to the fterq and. forward to the cathead. The 
* wales are rieUrly parallel to this. \^ 

RoTHER, is a piece of timber, or feveral pieces ^ftened together, and 
fitted to the flern-poft, to which it is hung by irons, whereon it moves, 
and thereby the ftiip is fleered. 

Scantling, is the breadth or thicknefs of a piece of timber* 

ScARPHS. When two pieces of timber arc joined together, fo that the end 
of the one goes over the end of the other, being -tapered fo that the 
one may be let into the other and become even, they are faid to be 
fcarphed 3 fi)ch are the keel-pieces. But when the ends of the two 

B b 2 pieces 
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])fecet ae tat £|aare and pvit together^ they are'faikl lo butt fo one ^10- 
th&t I ahd when another piece is laid upon, and faflened to both, ts is 
tlie taie in all the frame^imbcrs, this is called fcarpkiqgthe <iiinbcrs ; 
iind hdftfae piece ^hich f&Atns the two timbers together ii reckoned 
the kngth of the fcarph. 

Stem, is that circular piece of timber where both the fides of the fliip 
unite forward. The lower end of it is fcarphed into the keel, and the 
bowfprit rcfts iiponlhe uj^r end of it. 

:STEiPt, ve lasgepboBS of timber istyed across thekeelfon, into whioh the 
heels of the mafts are fitted 

SreitK, !is tbfe after^rt oflhc ihip, in w4»ch are all the C8bbiiii*%hts« It 
4ik:dwHb ihclades thb ftem^fracMe, wkkh^confiAs df the Aern^poft, 
tranibixis^ -oiid fiiihion-^pieces, all fa^ened together. 

Stern-post, is that ftrait piece of timber at the after-end of the (hip, 
vAiidh triiiflbs both the £deB. The bifel^of ^it is tenanted into tfac^fece^ 
iutd tte wkig-tmnfom fiiftened sPt the head of it. 

Tii^B^ESi in h ifhip> are as the^ibs in the hody^ and ferve to fupportithe 
fides, the. (iknks being all faftened to them ; the two aftecmofk^re-calU 
ed Fafliion-pieces ; they fupport the ends of tranfoms. The two 
CiMbeis, forward, Ht'^e-ooffaeafl, ^k ^ealkd Kmkikle^timbers. [For 
the Mlina <^ «te^fl^r lifribert, >fee Gh^ flL. Sed. 3« Pkrt II. 

TcroK-^are^ ^.^wh^n^diejbeets of the fafhion-^ieces are let in i^pon the 
fo{k^ «t wti^^^lace (be hci^ith-of the ti^ 

\t^ALES, are planks^ thiclcer ^an ^he re(l> ^broiight about the outCde of 
the fhip, in the wake of the decks« 
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Of NAriQATlO N^ 

G H A P. 1. S E G T. I. 

tur^ Sines^ Tandems an^ ^Secartts, 

t 

WE have in the firft ^aat itx^ia&aA 'Ajt<6sOa^t <f (ttigonooM* 
^tirp, tSofx^m tQigiWia iidaaian ito^all Mthc vMietiee.gMtfDnie- 
itiaa8Uy%iic2ie and lynrnpiflhi. We cooie now ^-ihem 
how to perform the fame arithmcslicaUy by a istbie cf na- 
ti^ fines, tangents MMiecfliitBj ia order to whidh, it will be ahibluteljr 
neceflary to fhew how this table may .be xxmftmftri^ 

Ito QmftruB a ^/Ak of natural Sines^ tangents and Secinfs, to u Radim 

of roooo ejpial Partu 

Ddcrlbe a quarter of a circle, and letthe radius be loooo equal parts. 
Divide 'tbe4ffch into .^ deg^recs, and dcaw fines^ tangents and iecants to 
^ very degree, as direded in making the .plain icale. Meafure each off thefe 
fcperately, by the fame line of equal parts that the radius was taken from, 
and iet down the ntrnibers contained in each^ in proper columns corre^ 
fponding to every degree in the quadrant, as in the following table, where 
it is done only to every fifth degree, being fufficient to fbew the nature 
of ihe taUe^ which has been calcqlated to gireat pJDa£tne6, by numbers 

for 
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for every minute to a radius of 100,000 ; but in pradicc the logarithms 
of thofe fines, tangents and fecants are ufcd. 

A Table of natural S I N E S, TANGE NTS and SECANTS. 



Deg. 


Sines. | . . | lang. 


1 Seca. ] 


. 




5 


871 


• 9962 


■^75 


1 1430 


•10038 


"473 


85 


10 


1736 


9848 


1763 


56713 


IOI54 


57588 


80 


15 


2588 


9^99 


2679 


37320 


10353 


3^63^ 


75 


20^ 


3420 


9397 


3639 


27474 


10642 


29238 


70 


25 


4226 


9063 


4663 


21445 


11034 


23662 


65 


30 


5000 


8660 


5773 


17320 


"547 


20000 


60 


35 


5735 


8i9i 


7002 


14281 


12208 


'7434 


55 


40 


6427 


7660 


8390 


11917 


13054 


^5557 


50 


45 


' 7071 


7071 


1 0000 


1 0000 


14142 


14142 


45 






Sines. 


■ 


Taag. 




Seca 


Deg. 



. This table gives by infpedtion, the fine, tangent, or fecant of any arch^ 
or number of ^degrees therein exprefied^ if the radius of (he circle be 
1 0000 ; and becaufe, as the radius of a circle, is to the fine, tangent, or 
iecant of any arch of the fame circle, fa is the radius of any other circle ; 
to the fine, tangent^ or fecant of a fimilar arch of this other circle, as 
proved in Profi. S: Chap. 3. SeS. 2. Part i. ^ -^^ - r ; 

Therefore we may find the fine, tangent, or fecant of any\arcb, in 
afty circle, provided the radius be known,* by the following jpropoition. 

As the radius in the table. 

Is to the fine, tangent, or fecant of any arch in the table. 

So is the radius of any other circle. - 

To the fine, tangent,, or fecant of a fimilar arch of this other cirete. 

E X AM P L E. 

Required how many feet in length is the fine of 35 degrees, fuppofihg; 
the radius to be 130 feet. 

The tabular radius is loooo, the fine of 35 degrees in the table ia> 
5735 > therefore by the rule of three. 

loooo : 573S '- • 13® • 7+ -r^r ^^ 74 >555. . 
13Q 
172050 . 

mi— ■ . . 



11000)7415550 



ir 
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If the length of the radius of any circle, and the length of a fine, tan- 
gent, or fecant of the fame circle be given, and it be required to find the 
arch ; the proportion will be, 

As the given radius of any circle 

Is to the given fine, tangent, or fecant of the fame circle : 

So is the radius in the table 

To a fine, tangent, or fecant in the table ; 
whicji mufl be found in the table ; and correiponding thereto in the co- 
lumn of degrees, is the quantity of the arch required^ 

EXAMPLE. 

Let the radius be 500, and the given fine 383 ; then 
500 : 383 : : loooo : 7600 

383; 

5I00 )383ooloo(766o, and this found in the colutiin.0F 

fines m the table, correiponding thereto, is 50 degrees the quantity of 
the arch required. 

It will be needlefs to give any more examples, as in prance we (hall 
ufe the tablt of logarithms. 



S E C T. IL 

Of artificial SINESyTj^NGJ^NTS and SECANTS. 

WE obfervcd in the firft part, that the fides of a right angled tri- 
angle were diftinguifiied by different names, viz. hypothenufe^ 
perpendicular and bafe; and that by the ^le, is underftood that oppo^^. 
fite to the bafe, which is fuppofed to be drawn acrofs the paper; and 
the perpendicular up and down, making a right angle with the bafe, to 
wl^ch angle the hypothenufc is always oppofite. 

The fides may be confidered likewife as fines, tangents, or fecants^ 
by which means, befides the aforefaid proper names, they will acquire 
another^ which we (hall call their firnames ; and thefe will vary according 
to the fide made radius. 

If the hypothenufe be radius, the bafe will be the fine; and the per- 
pendicular, the fine complement of the angle. 

If 
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If tl^ bafe be made the radios, the hypothenufe will be the fecant 
compiement; and Ae perpendicular^ the tangent complement of the 
fame angle as above. 

If the perpendicular be made the radius, the bafe wfti be the tangent, 
and the hypothemife the fecant <rf the^ angle 5 all which has been demon* 
ftrated in the firft part. 

Henccj the whole bufincfe of trigofnomctrjr, tnay be faid to confift, 
either in finding a fine, tangent, or fecant, to a given arch, the radius 
being known ; or if the radras, and either die fine, tangent, br fecant be 
known, to find the arch ; both which may be performed by a due attel^- 
tion to the two'fiDregoing proportidne : And as any fide nuy be made ra- 
dius, there may be different operations for each cafe. 

All the various eafes of right angled triangles^ are exprefs^d in the fol- 
lowing table. 



# , 



the 
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TRIGONO METRt. 



Tbe Profortions for the feveral Solutions of the JixCafes ofTldne 

angled Triangles. 



«9S 
right" 



PROPORTIONS. 



Given 



iRequir.l 



R : fine of the angle : : H : B 
R ; fine comp. of the angle : ; H 



Radius, I Cafes. 



Hypo, 
and 

Angle 



Bafe 
and 

Perpen 



Hypo. 



Sec. comp. of the angle : R : : H : B 
Sec. co> of the angle : tan, co. of the ang. 



:H:P 



Bafe. 



Sec. of the angle : tang, of the angle 
Sec. of the angle : R : : H : P 



H :B 



iglc 



Perpen 



Sine of tKe angle : R : : B 
Sine of the a ng. : fine comp. 



iji. 



Bafe 

and 

Angle 



Hypo, 
and 

Perpen. 



n 

of the ang 



B:P 



Hypo. 



R : fee. comp. of the angle : : B : H 
R : tang, comp. of the angle : : B : P 



Bafe. 



Tang, of the angle : fee. of the angle : : B : H 
Tang, of the angle : R ; : B ; P 



1 ang. or ine angie : jk. ; : p ; r 

Sine comp. ot the angle : K : : P : H 
Sine comp. of the angle : fine of the angle 
Tan. CO. of the ane. : fee. co. of the ansr. 



Perpen 



2d. 



Perpen 
and 

Angle 



Hypo, 
and 

Bafe 



;P:B 



Tan. CO. of the ang. : fee. co. of the ang. : : P : H 
Tang, comp. of the angle t R ; P : B 



Hypo, 
and 
Bafe/ 



Angle 

and 
Pcrpca 



R : fee. o^ the angle : : P : H 
R : tang, of the angle : : P : B 



H : B : : R : fine of the angle, required" 



Hypo 



Bafe. 



Perpen 



3^. 



B : H : ; R ; fee, comp. of the angle required 



Hypo. 
"lafe" 



TS3r 

and 
Perpen, 



After finding the angles the perpendicular is found 
by cafe i/. or id^ 



V 



B : P ; : R ; tang, comp. of the angle required ( Bafe. 
P ; B : : R : tang, of the ang|c required | t'erpen 



^b. 



Angle 

and 

Hypo. 



Atter finding the angles the hypothenufe is found; 
by cafe the 2d. or ^d. 



f. 



P : rt : : R : fee, of the angle required 



Stb. 



Perpen 

and 
Hypo. 



Angle 

and 

Bafe. 



H : i^ : : K : fine comp. of the angle required 



Perpen. 



After finding the angles the bafe is found by 
cafe i^. or ^d. 



Hypo. 



6fk. 



It is evident frotn what has been faid, that the fir ft thing to be done, 
in order to give a folation to any of the cafes, is, to make one of the 
fides radius ; now if the thing required be a fide, any of the three may 
be made radius 5 for there is no neceflity, for making the given fide nidius, 
but after the radius is fixed, then both the given and required fides, will 
have particular firnames; the proportion for finding a fide will always be, 

Cc Ag 
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As the firname of the given fide. 

Is to the firname of the required fide : 

So is the given fide 

To the required fide. 

If the thing required be an angle, one of the given fides muft be made 
radius, which will determine the firname of die other fide ; and the 
proportion will be 

As one of the given fides, viz. that made radius 

Is to the other given fide : 

So is the radius 

To the firname of the fecond fide. 

And when this is found In the table, the quantity of the required angle 
i^iil be found in degrees and minutes in their proper columns. 

Note. If the thing required be a fide, the two firft terms will be either 
fines, tangents, or fecants, to be taken out of the logarithmick table of 
fines, tangents and fecants $ the third term will be a natural number, as 
miles, yards, or any other meafure^ the logarithm of which, mnft be tap- 
ken ou^ of the table of logarithms; and, when the logarithms of the fe- 
cond and third terms are added together, if from this fum be fubtraAed 
the logarithm of the firft term, look for the remainder in the table of lo- 
garithms; and correfponding thereto in the proper column, will be the 
natural number, e^refiing the length of the required fid^ taken by the 
fame meafure with the given fide. 

When an ang^e is required, we muft not work for the angle itfclf, but 
for the fine, tangent, or fecant of it ; the two firft terms of the proportion 
wiii be natural numbers, and their logarithms muft be taken out of the ts- 
ble of logarithms ; the third term will be a fine, tangent, or fecant, and its 
logarithm muft be taken out of the table of artificial fines, tangents and fe- 
cants ; and then the fecond and third terms muft be added, and the firft 
fbbtradcd from their lum a5 before ; the remainder muft be found in the 
table of artificial fines, tangents and fecants ;-and the quantity of the angle 
required will be found in degrees and minutes correfponding thereto. 

We (hall illuftrate the whole by an example in each cafe, by the tables, 
and alfo by Gunter*s fcale. 

The general rule by the pen, is the fame as in any other queftion in 
the rule of three ; and if we ufe the natural fines, it will be performed, 
by multiplying the fecond term by the third, and dividing the produd by 
the firft term, the quotient will be the fourth term required; obferving to 
make the firft term according to the afore^d proportions, but it will be 

indif- 
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indifferent which of the other two is made the fecond term^ as they are 
to be multiplied into dich othen 

But as the natural fines, &c. are calculated to feven places, this woufd 
make the operations very tedious, upon which account their logarithms 
are ufed, and are had by the table of artificial fines, tangents and fecants; 
if the table of logarithms, was made for natural numbers to feven places, 
we could find the logarithms of namral fines, &c. as eafily as of any o- 
ther number; but even in that cafe, we muft have a table of na- 
tural fines, &c. and afterwards have recourfe to the table of logarithms,, 
whereas by the table of artificial fines, (Sc. we have the lo^rithm at 
once. 

This table contains every degree, and minute, of the quadrant; if the 
number of degrees be lefs than 45, look for it at the head of the table; 
and for the minutes under Min. increafing downwards on the left hand 
of the page ; but if the degrees exceed 4 c, look for them at the bottom 
of the page, and the minutes in the right hand column above M, in- 
creafing upwards ; and when the degrees and minutes are thus found, thp 
logaritbmick fine, tangent, or fecant, will be found in Its proper column > 
cblerving if the degrees be found at the top, the word fine, tangent, or 
iecant, muft be found at the top, underneath which, right againft the 
minutes, which muft be found under Min. is the thing required ; but if 
the degrees are at bottom, thefe words muft be found at the bottom, a«- 
hove which, and right againft the mimites, which muft be alfo found 
above M; is the thing required. 

EXAMPLE. 

^ Let it be requh-ed, to find the fine, tangent and fecant of an arch> or an^^ 
gle of 33^ 45'. Here the degrees are lefs than 45 ; therefore look for them 
at the top, and the minutes under M ; right againft which, and under 
die word fine, is 9.7447^9; under tangent, is 9.824893 ;. under fecant, is 
10.080154; but if the fine, tangent and fecant of 56*" 15' were required^ 
look for ^6 degrees at the bottom, and 15 minutes over M; righf a^ 
gainft which, and above the word fine, is 9.919846; above tangent, ii 
10.175107; above fecant 10.255261. 

The degrees at the top begin at ^, and increafe to 44 ; the degrees at 
the bottom, in the^firft page, are 80, and decreafe to 45 ; the one including 
the minutes, is always the complement of the other ; fo that if it was 
required to find the fine complement of any arch, look for the fine, and 
in the fame line, you'll find the fine of the complement. 

C c 2 Thus 
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Thus to find the fine complement of 33^5 45'; look for the degrees 33*^ 
at the top, and 45' in the left hand column under Min. the fine will be 
under the word fine as before, 9.744739, and the fine complement 
9.919846 in the fame line above the word Sine; the like may be faid of 
the tangent complement and the fecant complement. 

Having the logarithmick fine, tangent, or fecant, to find the degrees 
and minutes correfponding thereto. 

This is only the reverfe of the former, for you muft look over the ta- 
JDle, till it is found, and if in a column that has the word fine, tangent, 
or fecant, at the top ; the degrees are at the top; and the minutes in the 
left hand column under Min. but if it is in a column, which has . thefe 
words at the bottom, the degrees are at tlie bottom, and the minutes a- 
bove M in the right hand column. 

EXAMPLE. 

Let it be required to find the degrees and minutes, anfwering to the tan- 
gent, 10,346337; this will be found over the word tangent, therefore the 
degrees muft be at the bottom, viz. 65, and right againft it above M, is 
45 ; fo 65^, 45^; is the arch required : But if the complement v^as re<- 
quired, the degrees would be at the top, and the minutes under Min. viz. 
24^, 15'. Sometimes the exadl number cannot be found in the table, in 
which cafe, all that can be done, is, to take the neareft to it ; fo we can 
never err a whole minute. 

To work thefe by fcale and compaflfes, there is a line of logarithmick 
fines, and a line of logarithmick tangents, upon Gunter's fcales, conftruc* 
ted in the fame manner ds the line of numbers ; for againft 30 degrees, 
in the line of fines, is 5000 in the line of numbers, the natural fine cor- 
Tcfponding thereto; and againft 30 degrees, in the tangents, is 5773, the 
natural tangent ; the line of fines is continued to 90 degrees, but the 
'tangents to 45 degrees ; the tangents above 45 degrees, are the fame with 
their complements, for the radius, which is equal to the tangent of 45 
degrees, is a mean proportional betwixt the tangent of any arch, and 
the tangent of its complement to 90 degrees, which is the reafon, that 
the line of tangents is numbered i and 89, 5 and 85, 10 and 80, &c. 

The tables being thus explained, we fhall in the next place ftiew their 
ufe in the refolution of the fix cafes, of right angled triangles. 
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C A ,S E L 

Given the hypothenufc 60 imles, the an-glc 56^, 15^$ required the bafe^ 
and perpendicular. 

For the Bui S E. 

As the radius, or fine of 90^ o • . , * ro.oooooo 

Is to the fine of 56® 15' - - - • . 9.919846 

So is the hypothcnufe 60 miles • . - - 1.778151 

To the bafe 49.9 miles - . - ^ . +-697997 

For the PERP ENDICULAR. 

As the radius, or fine of 90^ - - . . 10.000000 

Is to the fine complement of the angle, or fine of 33® 45' 9.744739 
So is the hypothenufc 60 miles - - - . 1.778151 

To the perpendicular 33.3 - - * - +1.522890 

By G UN T E R's Scale. 

Extend the compafifes from 90 on the line of fines, to 56^ 15'; the 
fame extent will reach in the line of numbers, from 60 to 50 nearly, for 
the bafe; and the extent firom 90 to 33^ 45' on the line of fines, will 
reach in the line of numbers, from 60 to 33 i nearly for the perpendi- 
cular. 

CASE IL 

Given the perpendicular 33.3 miles, and the angle 56^, 15'; requir- 
ed the hypothenufe, and bafe. 

To avoid working by the fecants, let the hypothenufc be radius, and it 
will be. 

For the HTPOrHENUSE. 

As the fine complement of the angle, or fine of 33® 45' com. arith. 0.255261 
Is to the radius, .or fine of 90^ o< - - - 10.000000 

So is the perpendicular 33.3 miles - - 1.522890 

To the hypothenufe 60 miles - - - . +i«778i5i 

In this, and fuch like cafes, wheie the firft term is not radius, inftead 
of the logarithm of the firft term, ufe the complement arithmetical of it, 
which is, what any logarithm wants of the logarithm of the radius 5 
now this being always 10.000000, the conaplement arithmetical, will be 
found, by fubtrading each figure in the logarithm, from 9 excepting, the 

firft 
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firft towards the right hand, which muft be fubtrafled from lo ; as in 
this example, the logarithm, of the fine of 33^45', by the table, is 
9.744739, and by fubl^ddhg, as abov« diredted, the complement arith- 
metical will be 255261 ; this is fo plain and eafy, that by a little prac- 
tice, the complement arithni^tical, will be as readily taken out of the ta- 
ble, as the logarithm itfelf, and then it muft be added to the other two 
logarithms i and when the logarithm of the radius is fubtradled from this 
fum, the reoiainder will be the logarithm of Jthe fourth term required i and 
this will be the £ime thing, as if the operation was performed by the com- 
mon method, viz. by fubtradting the logarithm of the firft term, from 
the fum of the logarithms of the iecond and third terms; in this exam- 
ple the fum of the two is - - - - - 1 1.52289a 

e,. a 3 Logan of the firft is 9.7447'? o 

Sine 33^ 45^ 9.744739 ^ ^SI—L 

Radius 1Q.000000 Remainder 1.778151 

Perpen. 33.3 miles 1.522890 // ^ 

11.522890 

. ?-7447?9 

1-77815^ 

Now in fubtra£tion as a lefler number is taken from a greater; it is plaia 
if any number be added to both, and then the leilcr fuhtra(Sed fi-om the 
greater, it will make no alteration in the remainder ; and this is the ve-^ 
ry cafe here, for 9.744739, is to be fubtrad:ed from u. 522890 ; if to 
each of thefe be added the complement arithmetical, w^?- 0.255261 ; the 
fum of the greateft will be 11. 7781 51 ; the fum of the leaft will be 
1 0.000000 ; and as all the figures in the lefler number arc cyphers, ex- 
cept the firfl to the left hand ; the fubtradion is performed, <niiy by caI^» 
celling the firft figure to the left hand in the greateft mtmber. 

Fx^r the BA S E. 

As the fine complement of the angle orfineof 33® 45-^ com. arith, 0.255261 
Is to the fine of the angle 56* 15' • - - - 9-919846 

So is the perpendicular 33.3 miles . . - ^ 1.52289Q 

To the bale 49. 9 miles ----- '+1.697997 

By Afcf G U N T E R's Scak. 

The extent from 33^ 45^ to 90^ in the line of fines, will reach in the 
line of numbers from 33.3 to 60, for the hypothenufe; and the ex- 
tettt from 56^ 15-^ to 33* 45' in the line of fines, will reach in the line 
of numbers, from 33.3 to 49.0 for the bafe, 

CASE III. 
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CASE m. 

Given the bafe 49.9 miles^ and the ang^ tS"" 15' required the igrpo- 
dienufe, and perpendicular making the hypothenote radius. 

For the HrPOTHENUSE. 

As fine of the angle 56^^ 15' comp. aridu « -« 0.080154 

Is to the radius -----.- 10.000000 

So is the bafe 49.9 miles . - ^ • • x.697997 

To the hypothenufc 60 miles - . - . +*«778x5L 

Fbr ibe PERPENDICULAR. ; 

As the fine oF the angle 56^ 15^ comp. aritL - - 0.080154 ' 
Is to the fine complement 33® 45^ - . - 9.744.739 

So is the bafe 49.9 miles - . - . 1.697997 

To the perpendicular 33.3 - - - *- +1*522890 

By G U N T E R'8 Scale. 

The extent from 56^ 15^ to 90 in the line of fines, will reach fiom 
A9.9 to 60 on the line of numbers; for the hypothenufe, and the extent 
from 56^ 15') in the line of fines, will reach from 49.9 to 33.3 on the 
line 01 numbers for the perpendicular. 

CASE IV. and V. 

Are exadly the fame, only changing the names of the bale and per^ 
pendicular. 

Given the hypotfaenufe 60 miles, and bafe 49.9 miles ; required die 

angles and perpendicular. 

As the h]rpothenufe 60 miles complement arithmetick 8.221849 

)s to the bafe 49.9 miles - - - - - 1.697997 

So is the radius . . - • . -. lo.oooooo 

To the fine oi the angle 56^ 15^ - - •* +9.919846 

By G U N T E R^s Scale. 

The extent in the line of numbers from 60^ to 49.9, will reach in 
the line of fines, fi'om 90"" to ^t""^ 15' ; and when the angle is jfound> the 
other fide, may be found by Cafe i. or 3. 

CASE 
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CASE VI. 



Given the bafc 49.9 inilcs^ and perpendicular 33.3 ; required the 
angles and hypothenufe : 

Making the perpendicular radius, the bafe will be the tangent, and the 
proportion will be. 

As the perpendicular 33.3 miles complement arithmetical 8.477 no 

Is to the bafe 49.9 - - - - - - ^•^97997 

So is the radius, of tangent of 45^ - - - 1 0.00000a 

To the t»gent of the angle 56% 15^ - ^ - 20.175167 

In this cafe, the .firft figure in the logarithm of 33.3 is a cypher ^ 
therefore the next to it muft be fubtradled from 10, and all the reft from 
pas before, to find the complement arithmetical; and when the three are 
added, the charadSleriftick willT^e 20, the charadleriftick of the radius be- 
ing fubtraded, there will remain 10 ; and this found in the table of arti- 
ficial fines, tangents" and fecants, againft it is 56** 15^ the tangent of the 
angle required. 

By G U N T E R's Scale. 

The extent in the line of numbers from 33.3 to 49.95 will reach 
in the line of tangents, from 45** to a point in the fame line, which is 
either 33**, 45' or 56**, 15' 5 and to know which of the two it is ; I find 
the extent in the line of numbers, is from a lefs to a greater, and there- 
fore it muft be fo in the line of tangents ; fo the point muft be more than 
45"^ o', and of confequence muft be 56'', 15'. 

Thefe are all the cafes in right angled triangles. .We might here like- 
wife (hew how to lolve all the cafes in oblique triangles, but as the whole 
bufinefs of navigation may be performed without them, we fhall apply 
the doiSlrine of right angled triangles to navigation. 

Now as navigation is a fcience^ which teaches us how to diredl a fhip's 
way from one port to another; it will from thence follow, that the fitu- 
ation^ and diftances of the, places muft be known. Our firft bufinefs then 
ihall be to (hew how this may be attained. In order to this, it will be 
abfolutely neceflfary to underftand the principles of geography, which 
iball be the fubjedt of the next chapter. 



CHAP. 
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CHAP. II. Of GEO GRAPH r. 
SECT. I. OJ SUR FETING of LAND. 

• ' — . ■ * * 

GEography is that fcicncc by which vrp learn how to lay down^ ei- 
ther all Ac places in any particular country, called a chart, or 
inap; or all the habitable parts ot the world upon a globe. The firft is 
commonly called furveying of land, and the latter i& what is generally 
underftood by geography; we (hall explain both. 
^ The chief defign of furveying, is to lay down all the places, in any 
particular piece of ground, upon paper; by which means, their diftances, 
and pofitiohs, from one another, maybe had, with as much certainty, 
as if they were ta be meafured on the very fpot of ground where they are 
fituatcd. • ^ 

Let it be required to lay down all the places in the plane A B D E» 
W;^?. Fid,H,I,KiL;M. 

• The inftruments neceflary for this purpofe, are, a well graduated cir« 

'de, . with an index/ and fights, to take angles by; and a chain, line, or 
ftaff, to nieartire diftances by. 

' Affume, (See Plate lo.) at- any convenient dlftance from one another, 
fifty •twb points B and D, from whence, all the points in the plane, may 
Wi'feen, place the circle with its center over the point B, and the index 
right over the diameter; move the circle, upon a pin provided for that 
burpofe, till the point D may be fcen thro' the fights, \nd feften the cir- 
cle ih that pofition ; then move the index, till all the points, may be 
fcen fucceffively, thro' the fights, rioting the degrees cut by the index^ 
correfpdnding to each point; then move the inftrumertt; from the point 
fi to the point D, placing it fo, that the index being laid upon the 
drarrietcr, the point Btnaybe fecn thro' the fights ^ and then faften the 
inftrumcht, -with its center right ovei* the point D; move the index, till 
aH^hc points; fucceffively, maybe feen thro' the fights,' nbting the de-* 
grees cut by the index,' as before ; then mcafure the ^iftaficeb|i6twixt B 
and D, which fuppofe 40 fathoms, or yards; G^Cv ' '^ <*'^' 

• To lay this down upon paper, take 40 from any fcate'of eqtial parts, 
Which lay oiF upon anyftrait line fr6m ^ to ^, at the point ^, make^the^ 
fame number or angles, equal to thofe taken in the field ; do the lame 

^t the point d, the interfcdions of the lines drawn from 6p with ikek 

Pd corrc' 
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correfoonding lines drawn from J, will give the points^ ^, A, /, *, /, j»- 
and it we meafure their dliHnc^d froyn dof an9t||er> bj t|ie fipiQ icale that 
the diftance of die points t and d was taken from^ we fhall have the true, 
fiance of the points in the field* 

For ^e trianglea D-E JB| 2SLdu4fK ai^e^njapi^lar, by cqaiUv^ai 
therefbre ^ ^: ^/ : : 6 D : B F, but b d contains as many equat pam of 
the fcale, as B D does fathoms ; therefore ^^ mufl contain as many e* 
qi;ial parts^ of tl^ie fcale as B F 4of3s i^thoi^s.. 

As ti^{<^ are all th^ place3 that are iuppofq^ can be- feei^ i^otn tlpe ]pinji 
B iind I>9 the adjacent plaices capnpt be laifl do^a withoiK altc^riixg ttvi 
two i^tloj^s : Let the next t wo^ AatioM bc: K ^ ^ ffoni: ^l^rooe tfikr 
ing the angles as before^ ajji tl^ places tiba^ can. W iv» k9m ^.aojl ^L 
ttayV laid tiown,in the fa,pp&i3fia^or ^^thpf^io^ fit W P., we 

itiay proceed in the iaae; qo^uuif r. ^ lay dovo^n all the pUcet ipi an ii]buMV 
^r country^ by contu)uij^g to alb»r our ftatipn to plax^ca aJneady bu(l,dpii;i%. 
hill we have gone over the W;holc ; this gives uS; the noafre^ 4i^aiM^ bc-^^^ 
twixt any two places^ but by the intervention of valleys, it wilt IK) Vf^ 
poffible to go the neareil way in a mouAta^notts oowHry. 
' Another method is by adually travelling over thf? cpnQtrfi j^ a^direft 
line, and meafuring the diftaDces by a wheel providecL for tiNt puipofi^. 
There mufl alfo be a contrivance to keep in a direct Ii<2e» which may bQ: 
done by letting a flake, at fuch a difbnce from th(; plai;eweti:t opit mpi^. 
that it may from thence be diflin^^iy feen ; wq may then, bjr tl^ help of 
the fights, fet feveral intermediate flakes in a flrait lino beibxr^Cfi^ them^ 
After we have travelled to the fiutheft ffa^e, we may. t^ieo place antK 
ther flake at fuch a diilance, that from i^ at lead two of toe Sgxmet 
flakes may be ieen, by which it may be fet in a dire€k line with thfem> 
and placing f&reral intermediate ftak^ l^wixt thcie two kfl ones^ 
we may by themi, produce the line to aocMfaer ftake^ and proceed thro? 
the whole extent <^ the country. We may likewift keep in audited linq 
by the mariner's comtpafs, of which^ we fhdl only here remark, that: 
wherever it is carried to, the neecUe will always point to the north, or itt^ 
variation may be found. We do opt propQie this method as the nooil 
expeditious, Aei^ier is k ftridly tru^ or pratidcabl^, unlefi upcm a pWiOf 
but as it agrees eXjt&ly widi the |4aifi fe^ diart^ we fh^l iiifcit it; 

Being no^movsded widi a wheel, i^d tnariaer's oraapaft,. witbfig^itl* 
pTQperly fiittedJo it|. kt us fet out from the point Qy, divoftly as the nee-- 
die points, 6xas% a jftal^eat every mile, till we arrjive at Uie point A, {<y 
ifpm C taA, is dtK^ nyrtfi : in trarolliiii; along, if we fee any^phcesei^ 
th^ totheni^wkft^tl^ placed at angles to the ne^d^ they^ 

will 
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will be either due eaft, or due weft of us ; we muft meafure their diftance 
from the line C A, and aUb the diflance we are then from the point C^ 
both which muft be noted in a book provided for that purpofe. When we 
arrive at A, the fights being at right angles with, the needle> we may fet 
a ftake at X, and move diredly to it, fbtting ibAtts at every mile as we * 
go^ and when we arrive at X, we may travel diredly fouth again to S, 
tneafiiiins^the dtftxnces of aU the places from the line X 8^ at ibon as 
they can TO ftten thro' ^ fights^ we may proceed in the fame manner, 
firlt going ncnrtfa or fbud), then eaft or weft, till we have gone over the 
whole country to be laid iown. The lines A C and X S> will be &> near* 
W paxal|el*tt> each other, &at they may without any knUhlc error be ta<^ 
ken as'ibch* 

Ntnr in order to hiy dovrn thiv in a map {See Plate 10.) let the extent 
from fivth to north be 90 miles, find likewtfe that from eaft to weft 90 
tfA\»i draw the. line A C, and peipendicular to it, the lines A £ and 
CP} draw alfo the line E F parallel to A C; fo thefe four lines will li^ 
mjt the map, let each be ^aduated into 90 equal parts, and at every 
temhchrawunesprallel to AC, andWotoBF; ib the wbc^ map wM 
be dhrided into mne equal IqoareB. 

We may now lay down all the places in die map from the notes 
talxn off in the field, asfor inftanccy if itwererequirM to lay down the 
point Y. I find by my notes, Itravdleda&T miles due north fix)m C, 
and I4x tniles due eafb before I' arrived at Y; tiiefefore lay a ruler acroft 
fhmi z8 T upon the Ime AG, to a^^onthe HneEF; and take 14 4^ with 
a pair of compafi!^, which lay oiP by the edge of the ruler, from the 
fine A C, and this will give die point Y. 

It is very piam that no place can he kid down in tho map, unlels the 
diftance and jpofition of it, with refpe€t to (bme other place be known^ 
and 'when this cannot be meafured by reafon of its being inaccefiible by 
the intervention of feas, or otherwile we muft have reoouiie to caefeftial 
obfervation ; and tho' two places be fe remote, that tiiey cannot be feeu 
fi'om one another} yet we 'may by (^fervtng the (Wn, or ibme ftar, at 
both places, find how far the one is to dij9 northward, or fomhward of 
the other s we muft alfb find ibme way to know how far the one is to the' 
eaftward, or weftward of the other, and when thofe two are* found, their* 
djftancesand .fituation may wiA certainty be found by trigonometry. 

That we may c omp rehend, the manner, by whidi mt fituaticm, and 
difhnces of places, have been ii^und, we muft explain ibme principles of 
geography; which icience, ^onfifts, hi givmg a true deicription, of aU 
the habitable parts of the whole wm^ as W8& bdfoie obi«rVed« 

Dda SECT. 
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S E C T. IL 
Of the G L B E. 

THE firft thing we (hall obferve is, that this earth, and fea toge« 
ther, is fuppofed to compofe a globe ; the firft geographers found 
out this, by obferving, that in whatfoever place of the earth, they were \ 
their fight' was always terminated, by a circle, unlefs intercepted by hills 
or otherwife, and the obferver in the center of it ; the firmament at the 
fame time, forming the half of a concave fphere over his head, and tho' he 
moved his fitudtion, for thoufands of mile«, he flill found himfelf in the 
center of a circle, and the point over his head continue at the fame di-r 
ftance, which could not be, if the earth was flat; for fuppofing thq^ 
obferver placed at C, in the center of the circle H 2 O N; (J^Iate ii.J 
then ^ would, be the point in the firmament over his head, but ]£ he 
moved upon the diameter, from O to G, he would then be under the 
point D, which is much nearer to him, than the point Z was, when 
m C; but if the earth be allowed to be round, and the obferver at li 
2i will be the point over his head, but when he has moved to G, thq 
point H will be over him, aitd at the fame diflance from him, tha^ 
the point Z was, when in C : Upon this account, they refblved^ to de- 
fcribe the e&rth, not upon a plane, but upon a globe: For which pur-' 
pole, an artificial one was made, to re prefent the .natural one. As- thej 
earth, was fuppofed a folid globe, the firmament, which every where fur-[ 
rounded it, was fuppofed to be a concave fphere, in which the fun and 
flars feemed to move, for they were continually fhifting their fituation. 
with refpe<a to us, fo that cither the fun and flars, or thp earth mufl be 
in a continual motion, and tho' it is certain that the earth' has the motion, 
we fhall fuppofe the fun, moon and fbrs to move round,* an^l the earth, 
iriimoveable in the center, being apparentlv fo to our fenfes.'^ 

They Itkewiie found, that the fun, by his daily motion from eafl to 
weft, .defcribed an arch of a circle, afcending one half, an4 defcending^ 
th^ other, the ftars, alfo defcribing arches by their motion ^ aniongft 
them, they obfervcd one, fceoiingly not to change its .fitoation, but al- 
ways at or near the fame diflance, from the point ovfi 'the. otfervcr's 
head, while he continued his flation^' or moved- eithqr eaSX or weft : But 
when he moved, either foutb, or norths thp flar appeared either nearer 
to, or further from„ that point. 

V . • • They 
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They likewife found that the obfervcr might move fo far to the fouth- 
ward till the ftar would juft difappear, and the fun, which at his lirA 
fetting out, was a great diftance from the point over his head at noon, 
was now right over him; from thence, they fuppofed the heavens, 
with all the ftars, fun and moon, to be carried round the earth once in 
24 hours,: two points only being immoveable, one near the aforefaid ftar, 
and the other diametrically oppofite to it ; by which motion, every point 
in the heaVens, excepting thofe two, would by every revolution, de-. 
fcribe a circle. . 

GEOGRAPHICAL DEFINITIONS. 

Def. I. A globe,, or fphere, is a folid body^ which has a point within 
it, equally diftant from every point of its furface ; and may be conceived 
to be formed by the revolution of a femi-circle, round the diameter, which 
is fuppofed to continue immoveable. (As v^as obferved in the firil part), 
DeJ. 2. The axis of the globe, is that line paffing thro* the center, 
iround which the whole globe is moved, and may be termed a diameter. 
Def. 3* The poles, are the two points in the globe's furface, through 
which the axis is fuppofed to pafs ; thefe have no motion, one is called 
the norths and the other the fouth pole. 

There are two globes ufed ; upon one, all the kingdoms of the earth 
are defcribed, this is called the terreflrial, or terraqueous globe, contain- 
ing all the land, and water : The other is called the celeftial, containing 
all the conftellatiohs ; and tho' the firmament be fuppofed a concave, they 
may be duly reprefented on the convex fuperficies of a globe ; and fuppof- 
ing it tranfparent, and the obferver in the center, they would appear to 
him, in the fame manner as they really are in the heavens 1 the fame cir-^ 
ties are defbribed upon both, and are either great, or fmall ; the planes of 
the great circles go thro' the center of the earth, and their diameters are 
the fame with the diameter of the globe ; the planes of the fmall circles, 
do not pafs thro' the. center, they are parallel to the plane of fome great, 
circle, their diameters are lefs than the diameter of the globe, and con- 
tinually decreafe^ according to their diflance from t^e plane of the great 
circle, to which they are parallel. 

' Def.\. Meridians, are 'great. circles, interfering one anatherr in both^ 
poles, of which there may be an infinite number. 

Def. 5. The equator, or equinoctial line, is a great circle, cutting all thei 
meridians at right angles exadrly in the middle, being equally difUnt frooi^ 
both' poles. .' .:>'-., 1 ..; . 
Def. b. Tho ecliptick, is a great circle crofling the equinqdial in two, 

^ oppofite 
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oppoUte points in fuch 4 manner, that fht pkaea of tholft didet foim 
an angle of 23^30'. 

D^. 7. The horizon, is that circle which termioates die iriit 1 ibp* 
pofing the dbferver at fea^ he finds himfelf m the center, aad the (ba aa^ 
iky uniting ; It is plain, if he alters his fbticm, this circle will change 
iikewife ; fo that it cannot be defcribed upon the ibperficlea of the gfebe^ 
it is called the vififole, or, fenfible horizon. 

I>e/\ 8. The zenith, is that point in the heavens, which is right over the 
obfcrver*s head ; the oppofite point in the other hemifphert, is catiedtha 
iiadir ; thefe two .points vary continually as the obferver changes his ftation* 

In order to reprefent the horizon, and zenith by the ^he, the axis 
is fitted in a brafs circle, in which It tuma rounds thi4 ciff:l« tiien 
will reprefent any meridian, becaufe any place npoii the fupcrficiea of 
the globe, may be brought right under it i tliia, wrai the globe WAfehm iti 
is placed in a broad wooden circle, the infide of it is the iatnc diameter, 
with the infide of the brazen meridian; fb thrlialf of the gibbe will al* 
ways be under, and the other half over thia carcfe; and the oierjciiaa mkj 
be fo moved in the notchea, aa to brbg any pait of it to this, woedta cir* 
cle ; which is therefore called the reaj, orrttiocial boriton, and 19 alwa)^ 
parallel to the vifible, before deicribed, as m the artificiaJi globea they 
are both the fame, becaufe the eye may be fi» placed as ta fee the whole 
half of the globe at one view ; by the help of tiiis cifcie» we may repue^ 
fent the horizon of any place, ior it is only, turning the globe upon lis 
axis, *till the place 13 under the brazen meadsan $ aod then moftiig the 
meridian in the notches, 'till the point is 90 degrees diftant firom tib»P 1m* 
rizon ; for that point wUl be the zenith, andia equally diftMit from every 
point in the horizon. 

Dff. 9. Azimuth circles, are fiippofed tQ pa& thro* the zimith» and 
nadir pointe, all divided into two equal parts. by the hodaon; tbcib caiH 
not be defcribed upon the ^obe, but are rcpre&ntod by. a qmdragK.of al*- 
titu^, which h a thin piece of biafs, that mwbe icrewod to aay part ^ 
the brazen meridian; and vnhtn this is faDoughtto the zenith, the.ol^ 
tnd witt move roiind upon the hwizoa} all thcfi: five drcfes, here ^ 
fine4, bife^. each other, and the globe into two eqiial pads. 

Def. 10. ParaOd ckcles, ate low aa divide dae globe into two ujie<wal 
|iart^ and are drawn tnniUel to fome^ireatcimle) thofe parallel to theho^ 
fizoo are calkd parallels of altitude or ahaii^anter^ but are not delcril^ 
ontfae^obe:. Thofe.pafaMtO'tlieeqMtpc, oa the tsnaftrial £^bbe» am 
called parallels of latitude, and arc adually 4faw& thio^ every, tenth d«^ 
sree of the meridiaB« 
« The 
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Tho^ ^qHtOodkil is divided into 360 degrees, and a merldiaA drawn thro' 
every tenth : One o^ thefe meridians is nadaated^ every quarter of it intb 
90 d9igdM6i begUuMg at the equtnodi^ and ending at each poIe» each 
pole being 90 degrees diftant from tha equmo^tial. 

Tho' there are no more meridians, nor parallels, adually drawn upon 
the globe ; there may he aa infinite number of both ; for fveiy place on the 
earth's furface, is Itippofed to be at the interferon of a meridian, and a 
paraflel of latifaidt, which point may bn found by the brazen meridian y 
It is by thelk inlct&SAQsAg that the fitoations of places are determined. 

D^. 1 14 LaCitddtt of a )>lace^ is an arch of the meridian, intercepted 
fastweea the pkce^ (mdl Urn equkio&ial j and is either fouth, or north,., 
according aft it liet to thd loodiWard or northward of the equinodial^^ 

EHflitcencft o£ htitode, ia an arch of the meridian^ intercepted beivreen- 
the parallels of two places. 

Dif. 12. Loogitiide of a place, is an arch of the eqninodial, inter-^ 
eepted betwiaot thr graduated meridian, and a meridian drawn thro' the 
plaee> and fometimes is accounted quite round the globe, and at othec 
titties it 18 accounted both ways, eaft and weft. 

Difference of longitude, is an arch of the equino&ial,. intercepted be««- 
twixt the meridians,, of two places. 

Drf. 13. Departure, b die diftance of any pkce from the meridian,, 
token upon the paraUd of latitude of the place, and therefore is always lefs 
tiuA the difference of longitude ; it is ibmetimea called the meridional: 
diftancet of which in another place^ 

D^. 14. Declination^ is an arch of the meridian, intercepted betwixt^ 
tlie fun,, or ftar, and the eqniitoxiaK 

JDef. i5p Tiopicks> are two circles, parallel to the equinodial 23^ 
^o' diAant iiom it; that to the noithward, is called the tropick of can- 
cer; tttat tO' thft firathwaid^ the tropick. of Capricorn, thefe two limit 
the ecliptick* 

Drf. 16. Fobr cndes, an as"" 3^' diftant from the pole,, that at the 
Mith, is called the arfkk, and that at the fouth antartick. 

From thefe definition^ the following inferences may be deduced. 

If^. i« Bfcry point on the earth's furface, has a correfponding point 
in tho heanm ibn i» saiiih^ from which, if a line be drawn diro* the 
point affimed on the caithTt iiir6ce, it vi^l wk to the earth's center : 
And the latimde of any vkoa^ ia always eqiial to the diftance of the ze- 
nith from die equinoddal. 

Inf. 2. Thofe inhal^tantfrof the eardi, who have the pole in their ze- 
nith, ham. the egninodiai iittil^ bonmuh.^ad are in 90 di^es of la^ 

titude;; 
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titude ; and thofe who have the poles in the horizon, have the equinoc* 
tial in their zenith, and are in no latitude. 

Inf. 3. The elevation of the pole, above the horizon, is equal to the 
latitude of the^place. {Plate 11. Fig, i.) 

DEMONSTRATION. 

' Let P rcprcfcnt the pole, Z the zenith^ i£Q tbe.equinodial, HO 
tlie horizon ; the arch ^ Z, is the latitude of the place by Inf. i. if to 
tiie arch Z P, be added the arch Z M^ their fum will be 90 degrees, bc- 
caufe the pole is 90 degrees from the equinod;ial; but if to the iame 
arch Z P^ be added the arch PO ; their fum will alfo be 90 degrees, be-< 
cSufe the zenith is 90 degrees from the horizon ;< therefore the arch P O, 
is equal to the arch iE Z. v 

" The globe being thus prepared, with the aforeiaid circles delineated up- 
on it, their next bufinefs was to find the latitudes and longitudes of places 
which they IcfFeded in the following manner, by celeftial obfervations. 

As. to the latitude, it is plain, that if there was a ftar in the pole, 
there would be no more required^ but to take its altitude or heighth a* 
bove the horizon, with a good inftrument, which would be the latitude 
of the place: But as there is no ftar in the pole,, they were forced to 
take the leaft and greateft altitude of any ftar near the pole, which *by 
irffaking an entire revolution round the pole in 2i. hours, would, he twice 
in the qbferver's meridian : Suppofe then its leaft altitude 46 degrees, 
and • greateft 52 degrees, the difference betwixt thefe is 4 degrees, the 
h^lf of whi<;h muft be the ftar*s diftance from. the pole;, and thij-'bcing 
a^ded to the leaft, or fubtradlcd. itbom the greateft, gives the .latitude 5 for 
in the firft, the pole is 2 degrees higher above the horizon thantthe ftar,^ 
which muft therefore be added to the altitude 48, .whicll:jgiv«:5C>.the-laT 
titude, but whpn the ftar is 52 degrees of altitude, it will then bi elevated 
2 degrees above the pole ; which being fubtradcd-frbmi/thc altitude, there 
remains ^o^ the latitude as before. This way of finding the ktifade 
WQuldrcquire 12 hours difference betwixt the two obfervations, which 
therefore cannot be done at fea, becaufe a ftiip in tha| time,, ipiiy alter 
fier latitude cohfiderably; neither is it praAipable when the. pole is. near 
the horizon : But after they had found the' deciinatioh of fome ftar^, or 
their diftances from the pole;, it was then Q0ough'to.find.onc of the alti- 
tudes, ^nd when b^low the pole, the diftance of the ftar from the pole, 
ddded to the altitude, gives the latitude;' but if above the pole,. -it moft 
be iubtracfted from the altitudQ^ the remainder is the latitude; one exam? , 
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pie Will be fufficient to illuftrate this : Let the (lar be at 10 d<|;rees from 
the pole^ and b O, the altitude^ 40 degrees ^ the arch P O is the latitude 
by Inf. 3. but this is the fum of the ftar^s altitude^ and diftaaoe from the 
pole^ which mufl: therefore be 50 degrees the latitude of the place« 

But if the Aar is in r, then r Q. the altitude, is 60 degrees, and P O 
the latitude as before; therefore fubtrading the ftars diflance from the 
pole, viz. 10 degrees, from the altitude 60, there will remain 50, the 
latitude as before. But as thefe obfervations are made in the nighty they 
cannot be depended upon at fea ; we fhall therefore (hew how to find the 
latitude by the fiin's xenith diflance, or altitude when in the meridian of 
the obferver. 

If the fun was always in the equinodtiaU his dIRance from the zenith^ 
would be the latitude of the place, by Injf'. i. but that it is not fo, is e- 
vident, becaufe then the fun would always rife and let in the fame 
points of the horizon, and his meridian altitude, would be the fame eve<-^ 
ry day to an obferver while he continues in the fame place ^ therefore 
we mud likewife know the declination at the fame time that we have 
the zenith diftance. 

The geographers, by a daily observation of the fun's greateft altitude^ 
which always happens when he is upon the meridian of tne place, that is 
at mid-day, found that an obferver, who .was above 23* 30' diftant froni 
the line, had the fun approaching his zenith, for one half of the year^ 
and the other half receding from it, and after his ncareft approach, It^ 
was a whole year before became back to the fame place; they likewife 
found the greateft difbnce from the zenith was juft 47 degrees, more 
than the nearefl approach ; and from thence his greateft diftance from the 
line was 23'' 30', and by keeping an exadt account of his zenith diftance 
every day,^ they formed tables of his daily declination, or diftance from 
the line; fo that we have now by inipe<£tion, the fun's declination on a- 
ny day of the month. 

Tlie table being thus made, the latitude will always be foofid, either 
by adding the zenith diftance and declination together, or fubtni^tiog the 
one from the other , all the Various cafes that can happeft, (hail be ex- 
plained in the next fedHon ; and we (hall now proceed to (hew how they 
found the longitude. 

To attain this, they confidered that the fun, and ftars in the fpai:e of 
24 hours, returned near to the fame points in the heavens, in which they 
were at that time the day before, and confequently moved 360 de^ 
grees in the 24 hours, which in one hour would make 1 5 degrees ; (b 
that if two places were 15 degrees to the eaftward or weftward of one 
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another, (jf^ok in the eaftermofl place, would fee the fun, a whole hour 
before thofe iri the weftermoft place; and thefe laft would fee the fun an 
hour after it difapbcared to the others. 

Now if the whole earth, fhould be, at the fame inftant of time, dc- 
|)ri.ved of the light of the fun, by the intervention of fome opake body, 
it would happea juft -at the fun's rifiri^ in fome places, whereas in other 
places the fun would l>e upon the meridian^ and in other places 15 de- 
grees from thp meridian 5 m fliort it would happen aft different times of 
the day, to all the inhabitants of the enlightened hemifphere, that lie un- 
der different meridians; and therefore, if the hour were exa<Sly known 
at ait thofe places, from thence their difference of longitude might with 
certainty be found, for the difference of the hours multiplied by 15, 
will give the degrees ; as fuppofing three places C, B, A, to thofe at B» 
let It be noon; to thofe at A, le( it be 10 in the B?renopn ; and gt C, 3 in 
the afternoon ; P would be the eaftermofl, for the fun pafled the meridian 
of f hat place, and got to the meridian of B, in three hours, which makc3 
45 degrees difference of longitude that B is tp the weftward of C» but 
then the fun muft move two hours more to come to* the meridian of A^ 
it being only 10 in the forenoon at that place, which makes 30 degrees 
difference of longitude, A is to the weftward of B, and 75 degrees tc> 
\he weflward of C. * 

As fuch cafes of total darknefs feldom happen, the longitudes of places 
lire not' much Ip be depended upon except where good obfervations, of 
the fun, moon, or other heavenly bodies, have be^n made ; fometimcs 
the longitude has been found by aftual jnenfuration, or by good fca 
journals i and \>y frequently going to the fame ports at laft, tables oi 
the latitudes and lopgitudes of the moft remarkable places in the whole 
habitable world liaye been made;, and by thefe tables, all the places may 
fee laid down, ^cdording to their latitudes and longitudes upon the globe ^ 
aS fuppofe it were required t6 lay dawn a place in \ o degrees eaft longitude, 
and 20 degrees north latitude, or which is the fame thing, to find a place 
upon the globe, in that latitude and longitude. Move the globe upon it^ 
a?^b tiH the brazen meridian cuts the loth degree upon the equator, on 
the eaft frde'pf the'firft meridian ; then look for the. 20th degree upon 
riie brazen meridian, and right under that is the place required. 
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He Defcriptim and Vfe of the ANA LEMMA. 

TT would bft fortigrt to out dafign te^ ftiew how to fdvc all the gcogra- 
J^ fjfeicttt problems by the globe ; it wM ht of greater afe in navigation/ 
to fliew how tO'd^liiMate all the circles of the fphere upon a plane, which 
irtay be ddfie^ fevtfal ways 5 but as we have already explained the princi- 
|>lc6 ^ Ai8 drthograpbick pi^ojtfAlon' of icXvi% we fhall ik>w make ufc of 
tteatway. {FkU 12.) • ^ 

It will be very eafy to coftedive that if* <he ^obe were cbt by a plane' 
]»affiflg thro' ^ Oentdr ; the fe<^on v^uld be a circle, and when this 
plane paf^ tk#o' the polds, the eirele will be a meridiah, as in the plate ; 
P-^SQ, miy fcprefent the meridian of the place, P the north, and S 
the fouth p<ile ; P S the axis ; -^ Q the equinodial ; for tho* this is on- 
ly the diafineffer of ir, yet becaufe the plane of the eqbihbdial is perpen- 
dicular to the plane of the nSeridian, it Will be reprefented 'by its' dia- 
meter, and Ibr the fsCme i^afoil alt (he parallels of latitude, which upon 
the giobe, are circles parallel to the equinoctial, will in this projection, 
be f«p«ftnted by theif refoe^ive diameteir, and drawn parallel to the 
line R Q ; each quarter or the meridian is divided into 90 degrees, be-' 
gtnnii^g at thtf equiribaial, wfidch wiH be all equal 5 but the degi-ecs 
<Jf the equinodlial, thV uport the globe xhky are all efc[tial, will here 
be uAeqtfal-, and are- reprtfented by their refpeftive fines, beginning at 
the center: P Swill reprefent a meridian^^ defcribcd upon the globe, 
at right atiglcs td the meridian, thro' which the globe is fuppofed to be 
cuf 5 iveiy <*h«- meridian will be repnefcnted by an elipfis, and may' 
be dratrn thro' every 10th degree of the equinodliaL The moft expedi- 
tious w&y of defcribing them, is by finding the points in every parallel 
of latitude, thm*^ Which thft\ meridians will pafs, which may be done 
by a-ftfftW, or as rfeftcfily without it; thus, Firft divide the eqoinodtial 
into d(%rfcds, whidh Being onty a line of finerf, will be the fame as the 
cc^niAidn of tht fine 6f lirfes oh the plain fcale; and becaufe there are 
as many degrees m every parallel, as in the equinoctial, they muft like- 
wife be divided into the fame number of parts % and in the fame proportion 
that the tine i^S Q is divided into: Now let it be required to divide the. 
panallel of 23'' 30' : Draw the line E C K, which will reprefent the e- * 
clipt!idt> dfflde'it ittto degrees^ by fixing «ne point of the compaffcs in • 
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C, and with the other transfer all the divifions of the equinodial to this 
line^ and thro' each divifion^ draw a line parallel to the line P S, to in* 
terfedt the parallel of 23"" 30^, which will divide it into the iame number 
of parts, and in the fame proportion with the eduinoiSiial ; for E C m^ is- 
a right angled triangle, of whidi E C, the radius, or femi-diaraetcr oF 
the globe, is the hypothenufe ; E m the radius of the parallel, or fine: 
<:Qmplement of the latitude, is the ba{^) and C m^ the lin^ of the k^ 
tude^ is the perpendicular. Now tho limri drawn thro' the feveral divifi-- 
ons of the line E C, will all be parallel to t^e perpendicular C m ; and there-r 
fore conditute fo many right angled triati^es, all fimilar to £ C m. Thcre-^ 
fore E C : £ ;» : : E : £ ;», that k as the radius is to the fine coinp. of the 
latitude, fo is a degree, or any part of the equinodial, to a dqgree» oc 
proportional part w the paraim^ After the fame manner. all the other 
parallels may be divided: and the meridians drawn as in the plate; there 
will be no occaiion to draw linei; from the divifions of E C to the paralle!,» 
9nly lay a ruler parallel to P % and mark its interfedion with the parallel. 
A((eif the nveridians and psKTallels are all drawn, the places may be laid 
down accQf ding to their hitkudesaad longitudes,, an the iame manner as 
on the ^lobe , but their diftances cannot be meafured fo eafily ; we ihalL 
therefore (hew how to do this without laying down the places, and alfa 
how to folve all the ^ographical problems neceflaiy in navigation, by 
ifale and compares > and by this plate, with as^ much certainty as witb 
the globe itfelfL 

Ine meridians^,! lie equtnodul* with its parallels^ and the ecltptrdk bi^ing^ 
t^ua delineated upon teds, wood, or pafteboard, are made to move,.about. 
the center, within the circle Z H N O, which may reprefeat a meridian^ 
in the heavens $, Z is the zenitl^ ^d becaufe the meridmn Z H N CH* 
pafiqs^ thro' the zenith^ Z H, and Z O will be azimuth circles of po de-- 
grees ftach j. they are graduated both ways„ to (hew the altitude and ze- 
nith dlAance*. H O is the horizon, the. meridian's drawn, thro' each 15th. 
degree,, ate the hour circles^ and becaufe the fun is the fame diilance 
from, the nieridian of the place at any hour in the aftecnooii,. that he is in- 
the forenoon,, at the hour which is as mudi before as the other ifr afteiL 
12} the meridian o( it in the forenoon,, will be than o£ i in the after- 
noon, as- they arc numbered, ia the plate* When the pole is in the m-* 
nith^ the meridians will all be azimuths,, and the equioD&iaLwillbe the 
horizon, 

. The pbfecver is always in th^t point of the circle P iB & Q,, whiuh is^ 
dite£tly under Z, the points of the cooipafs are. marked on the horizon y 
a^ the fun's place in the tcjiptick to^ eveiy fifth dt^ of the- nAOOtb^, 
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is marked on the line E K : This prc^efiion is called the malem^ 
na I when the north pole i^ thovt the horizon, the right hand quarter, 
wz. Z C O, will be eaft, and the' hoorr before fix in the' morning/ and 
after fix in the evening, will be on the right hand fide of the meridian 
of fix, which will always be reprefented by the line P S ; the hours from 
fix in the morning to noonv and fi»on» noon to fix in die evening, will 
be in the left hand quarter, viz. Z C H, which is the weft: When the 
iimth pde is elevated above the horizon^ that which was^ eaft, will now 
be weft, and the forenoon hours, wiH^ be the afternoon hoursj the fun- 
will rife HI the left, and fet in the right hand quarters^ Tho* in this 
plate, the heaven's and earth coincide,, yet in reality, they are at fuch a- 
diftance, that the earth is accounted only a point; fo that in all obfccva«* 
tions,, the obferver is fu^pofed at'the center of the earth. 



Qmgi^aphkai Proikms f§hed iy the y^naUnmufy end fy State 

and Compares. 

P R O B. L 
Given the JutCs declination and zenith dijlance at mid-^ay, or meridian: 
abitude^y eofnd fbe latttudtrf the plactt . 

This admits of three varieties^ 

CASE r. 

The latitude and declination both north, and the fun to the nonh* 
ward of the obferver, or both, fouth, and the fun to the fouthwani of 
the obferver. 

Note. Thiis can only happen to thofe within the tropiclcs.. 

Rule. Subtract the zenith, diftance fi'om the declination,, the remainder 
will be the latitude.. 



E X 


A 


M 


P L 


E. 


Declination 
Zenith diftanCe . 


20* 


00' 
00' 


north 7 Ladtadie north: 
north f, lo* 00'" 



But if the declination and ktitude werebodi fouth^ and^the fun to tfiet 
^thward of the obferver, the latitude wotild be vo\ degrees fouth.. 

To delineate this by fcale and compafier. 

Eteferibc the circle 2 H NO, fiwiv Z fet efF towaids O; the giVcn 
penithdiftance 10'' o' to0, and ffom^let oi^2o^ o'thegivendedinatiotr to> 
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o^ their (B Tk is tlw latitude, by Jnfx. or from. 0- fen ofFthc comfilenenti 
of the declination' 70^ o^ top^. ihcaj^ €> ii tke l;M!itude by J/a^. 3:. By^tfco 
analemmav fct 20'' o' from M^ taowawida P, to 10' o^ frdttv Z couhted !»-• 
warda O, then P will be againft \d o^ b^vL 0» tkB re^hrdd titiciido. 

T]ie latitude and dediaatiQn bot^ tK)r(bj and fun ibntbi'or b^ fobkb^' 
and fun north. 

Rule. Add the declination to thd zenith diftaaic^;, thek fucft will be 
the latitude of the place. : • . . • . 

EXAM P ' L' E- t 

Declination 20' 00^ north 1 Latitude. 
Zenith diftance 30' 00^ fouth 3 50' 00* 

Byt^if tKe.declmattcminerbfouth, andtfaeifttniiortk, tlklsdtudf Wdold 
be 50^ 60 fouth. 

By fcalc and compaiTes, fet off* the given zenith diftance 30"" 00' from 
Z to 30 towards H, and the^' given. dedSnatioR from 30 to ^s Z^ will 
be the latitude. 

By the analcmma, fet 20^ 06' counted from Sk towards P, to 30** 00' 
counted from Z towards H^ P will be ag^nft .50^00^ acootifited jtote 
O, the required latitude. 

CASE m. 

The* latitude and declination of different names, that is the one north, 
and the other fouth. " * ' . , 

Rule. Subtra^ the declination (which in this cafe, will always be the' 
leaft) from the zenith diftarice ^ the rctiisinder will be the latitude. 

EXAMPLE. 

DecHiution ' 15^' 00' fouth 7 Latitude. 
Zemth c^ftatjce 65: 00 fouth 3 .50^ 00' 

. But .if die declination w» aorfbi the latitode would be* foudi. 
By foale and compaftes^ dcfor4be the circle^ Z H N O, from Z;fet off" 
the given zenith diftance 65 degrees 4pw^d^ H^ i^jn the north latituda^ 
but towards O^ if in fouth l^titude^- from 65V fet off the given* dediiknion 
i^ toi£i ^en^Zis-therecpuMldatitude^ *« ' * 

By 
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By die ai^leininat iet 50? od' couotied frosn.i^ towards S/to 6'^"" 00' 
from Z towards H, and P will be againft 50^' the latitude. 

It is by -tfais prdbkin, that the latitude is found at fea, when the fun'^s 
zenith diftance is taken at ooqo ; for which we may take the following 
general rule. If the fun and the equinoctial be both on the fasAe fide of 
the obfen^, confider which is seareft the zenith \ and if it bei the fun, 
the dectinatioii and jsedith diftance muft te added ; but if it he the equi- 
iy)^iaJ9 {tlave ^BcUnattion muil be fubtrafisd from the zenith diftance, 

Thcrfe ihajt liv^ within the tropicks, will fometimes have the fun on 
one fide, and the equinoctial on the other fide of their zenith ^ s^nd then 
l^e zenith dfftanoe ihuft be fobtra;Cbed ffam the declination. 

Th^ib fhat arc io remote £ram:the equinoctial^ that the ixxtx performs 
^ ^larnal verQlutioQ ,abo?e the; horizon, will have him twice iti their 
«iei;idi9i9 every 24 hours : In this da&, inflead of the declination, take 
ihe pofpplen^nt of it» or the fim's diflance from the pole ; when the 
obferviatioa ]» at 12 at nighty or more properly when the fun is neareft 
th( :hfirizoni .the latitude will .be found in the fittne tnanner, as if the 
altiui^e of a ftar was taken, j^hkUti was fofficiently esrpiained in the 
laft fe<3:iQ0 : /But when the obftiteatioa is made ^t noon^ it will be the 
fame as in the fecond cafe of this problem. 

P R O B. li 

Given the latitude and decUnation^ i^ find the fun* s amplitude^ and the- 
hour of his rifing or fetting. 

CASE I. 

In order to folve this, it muft be obfervcd, that the fuo by his appa- 
rentdiurnal motion,dcfcrjbes circles nearly parallel to the cquinoCtial^ which 
may bo called parallels of declination, being the fame as the parallels oF 
latitude betwixt the two h-opicks. 'file fun performs his revolution ia 
24 hours thro' all the meridians, and when in the meridian of the place, 
it is either mid-day, or m^id-night ; ip tjje analemma, this meridian is 
that which limits the projecSHon ; tne fun will be all that day fomewhere 
in the parallel of declination, ar\d if a meridian be drav^Qthro' the point 
where the parallel of declination interfedts the horizon, it will give the 
. hour of his rifing or fctting, and the degrees of the h<»i?oa JQ«erafpted 
hetweeo the fun, and caJ^jfxr wcft.po^atqf tl¥:;hpriz0B,..*5 -the.foo/sanv- 
jplftu'dci ... 

* This 
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Tills being prcmifed, the following general mie will folve all the va- 
rieties of this problem by the analemma. 

Rule, Set the pole to the given latitude, and we have the amplitudes, 
und hour of the fun's riUng and fetting^ for any day in the year in that 
htitudc, by infpcdion. 

For the day of the month being given, the declination may be found by 
the table, of by looking for the fun's place in tbe tclipcick, on the ana- 
lemma I the degree of the horizon cut by the pamllel of declination is the 
required amplitude, and the meridian pafling thro* the fun, when in the 
horizon, giv^ the hour. 

By fade and compalTes, defcribe the circle Z H N O as before. Let 
the given latitude be 50^ oa^ north, and declination 23^ 30' north. Set 
off by the line of chords 50^ 00' from O to P, and draw the line P S, 
and at right angles to it, the line A Q» which will reprefent the equinoc- 
tial; draw the parallel of latitude 23^ 30^ to interfear the horizon in x; 
thro' X draw a meridian, to interfeiSk the equinoctial my. Cx is the am* 
plitude meafuredon the line: of lines, and Cy meafured on the fame line, 
gives the degrees and minute of the equinodial before or after fix, which 
converted, into time, gives the hour of^the fun's rifing or fetting. 

EXAMPLE. 



In jo^ 00' north latitude. 






Decl. north,' 


Amp. 
Peg. Vt. 


Sun rife. 


Suniec 


neia 




H. M. 


H. M. 


5 




7 48 


5 36 


6 24 


10 




15 40 


5 " 


6 49 


»5 




23 45 


4 46 


7 >4 


20 • 




32 08 


4 «7 


7 43 


33 


30 


38 20 


3 55 


S 05 



The amplitudes will be the Tame in fouth declination, but the hours 
of the Am's rifmg, will be the fiune wkh the hours of his (ecting, whdn 
the declination was north. 

P R O B. III. 

Given tbe latitude, fuH*i attitude and decUnatim, to find the azimuth 
and hour. 

By the analemma, fet the pole to the latitude, lay a ruler, or ftrait flip 
of paper, acroft the given altitude; this wiU interfed the given parallel 
of declination. The meridian paifing thro' this point of interfedioA, 

gives 
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^vti thQ hour ; at this point make a mark with a pencil upon the raler, 
then move th« pole to the zenith, fo as cot to move the ruler; the me- 
redian that palfe thro' the pencil mark, will be the azmvuth -circle paf- 
liog .thro* the fun^ and it \vill cut the horizon in the cjegrees and mi- 
nutes of the required azimuth. It will be proper to take the diftance 
with a pair of conapaflcs, between the fun, ana the line T O, or T Hj 
in cafe, the ruler fhould flip by moving the pole to the zenith. 

By fcale and compafles 3 let the given latitude be co^ 0', declination 
23° 30' both aorth, and altitude 20^ o'. Dcfcribe the circle Z H N O, 
and draw the equinodtial parallel of declination, and axis as before. Draw 
dfo the parallel of altitude altq by fetting off ?o^ o' of the line qf 
chords from O to y, and fiom H to ^ ; this will interfedl the parallel of 
declination in /, thro* which draw an azimuth circle, ^nd a meridian, 
and thcfe two will give the things required. There will be no occafion 
to draw the whole circles, onl;^ to find the interfeftion of the azimuth 
Ksircle with the horizon, and of the meridian with the equinodial, which 
is only dividing the horizon in the fame proportion with the parallel of 
altitude; and the equinoftial in the fame proportion with the parallel of 
declination: Thus, for the azimuth, draw the radius C q^ and C/jr, 
^m be a rigiit angled triangle ; thro* / draw t f parallel to C /; transfer 
Cfto the hoxxzofi in/, and draw 5 ^ parallfl to C N ; fo -y O will be 
the aziouith. Or it may be done thus, with / y, the radius of the pa- 
rallel of akitude, defcribe from the center C, an arch, i g prod;uce the 
line tfxogy thro* g draw a Kne from C, wjiich will give the poirvt v as 
before. For the hour, draw the line / i parallel to P S, to interfedl C E 
in 1 9 transfer C i to the equinoftial in 2 ; fo (hall C 2, meafured on the 
line of fines, and converted into time, give the hour after 6. 

Thofe are the problems that are abfolutelv neceflary to be known at 
fea ; the firft for finding the latitude, the laft two for finding the varia- 
tion of the compafs^ of which in its proper pl^e. 

P R O B. IV. 

Given the latitude and longitude of two places j to find their Jifiance ^uni 
4ingle of pofition. 

The nesreft diftance between any two places will be in a plane pafllng 
thro' the two places, and the center of the earth, which upon the fur- 
face of the earth, wiU be an arch of a great circle j and the angle which 
this circle makes with the meridian of each place^ is the angle of pofition^ 
which will not be the fame in both places. 

By the analemma. Let the two places be A and B ; A in 50S o', B 

Y i in 
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in 13^ %o\ both north latitude;, their difiEbrence ol longitude 52'' 58';. 
B the weftmoft : Firft fet thepole ta the latitude of A>, then look for 37* 
2' (the complement of thedifterence of longitude) upon the equinoctial ;» 
the meridian pailing thra' that point, will interfe£b the parallel of lati- 
tude of 13^ ^p^ in the pobt B ^ thro* B lay a ruler aecofi parallel to the 
horizon ; its interfedion with the graduated meridian^ will give the di-^ 
ftance of B from A,, counting the degrees from the zenith, and wilLba. 
about 56** 15'; 

For the angle of pofiti^n from A to B. The ruler being laid acrois as. 
before, mark the pomt B upon it 1 move the pole to the zenith, the me- 
ipdian pailing^ thro' the point, will be the azimuth circle required^ but 
if it were required to find the angle of pofition firom B. to A,, fet the polcL 
to the latitude of B, and proceed as before. 

By fcale and compailes defcribe the circle, am^ quarter it as before^ 

Draw the axis and equmodial to the latitude of A, alfo the parallel of la-> 

titude of 13^^30^:. Now to. find the point B in^this parallel^ itis^ only to* 

draw a meridian, whidi {hall make an angle of- c?"" dS';. with.the me- 

"^ ridian of A^ To do this by the line of chords^ fet off 52^** 58^ fi-om M. 

both ways to d^^n^d^, firom which two points, lay a ruler acrofs to inter-* 

fed the equinoi^ial m ^, which wiU be uie point in the equinodial, thro* 

which the meridian of B mufl pafs ; or by the line of fines, take the com--^ 

plement of the d^rence oiloneitude. y/!" 2/, which fet off. from thei center 

C, and thiis will give the point I ; thro' which draw a meridian a» before 

direded,. to interfed the parallel of latitude of 13^ ^o' in the point B, 

and thro' this point draW' L T,. parallel to the horizon ; ZL or Z T,. 

mcafurcd on the line of chords, will give the diftance nearly 56* 15' r 

Draw alfo tha azimuth circle Z.B G.;, C G measured on the line of fines». 

nearly a l degrees,, will give the complement of the angle of pofition with 

the meridian of A ;, or thro' G,., draw a -Knc parallel to Z C N,. to inter*- 

feft the cirde in Dand Fj, H Dor ELF,, meafiu:ed.oa.the lineof chords^. 

will be the angle of pofition^ that the meridian of A makes with the. 

great circle paffing thro' A and B,, and will be- nearly 69 degrees j bur 

(o find the angle it makes with the meridian of B„we muft draw the^e* 

quihoAial^and-axis to the latitude of B, and proceed as before. 

This problem can be of little ufe to. the mariner,, becaufe it gives the 
neareft diftance betwixt two places,^ and the cpmpifs,^ which.is the only^ 
guide he. has to conduA him IVom one gort to another, leads him out of 
me direct road j for the path which the (hip. defcribes,. will be a curve, ! 

making-eqoaLanglts with all the meridians fhccrofies; whereas the arch, 
of the great circle, which is the neareft dijdancc, makes uneqal angles 
with all the meridians ;, and therjeforaiapradice, we cannot go the nearefl 

way^ 
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way, bv th* compafs, unlcfs the places lie under the fame meridian, o'*' 
tinder the cqainoftaU 

The compafe is fo well known that it needs no defcription, being only 
a card, upon which a circle is defcrrbed $ it is divided into 32 equal parts 
calkd points, each confifting of ri** 15'; thefe arc fifbdivided into quar- 
ters, without which there is another circle divided intp 360 degrees ; a 
needle, touch'd with the load-ftone, by which it acquires that furprifing 
quality of pointing to the north pole, is fixed under the card, upon 
which there is a flour de hice, which will point out the meridian ; for 
though it fometimes varies from it, we may difcover the quantity by 
celeftial obfervation of which in another place : The lines that the (hip 
forms in fleering by the compafs, are called rumbs ; and that thefe make 
equal angles with all the meridians is evident, becaufe the needle always 
lies ifi the meridian of the place^ and the rumbs all meet at the center of 
the circle upon the card. The needle is the diameter of this drclc, fo 
that moving the card can never alter any angles, that are made by the 
interfeaion of any two lines upon it. 

It will be very difficult, if not impoffible, to defcribe the rumb lines, 
either upon the globe, or upon any plane, where the meridians interfeft 
in the pole, for they mufl be fo defcribcd, that if a fhip fail upon any 
rumb to any port, and then fail back the fame diftance upon the oppoiite 
rumb, (he will then return back to the fame port from which (he fail'd ; 
and that this is really true, where there is no variation or currents, or 
the fhip is not forced out of her diredt courfe by the fea, wind, or bad 
fleerage, mufl be allowed ; and agreeable to the nature of the triangles 
formed by the rumb lines, meridians, and parallels of latitude upon the 
globe J tho* ftridHy fpeaking, they cannot be called triangles, for the ma- 
thematicians have reduced all triangles either to plane or fpherick, but 
the properties of neither agree to thefe. However as they have thnee 
fides, and three angles, /a fmall diflance may be allowed to be a ftdit 
line ; we fhall therefore confider them as right angled triangles. 
• Let there be two ports A and B, A in 50^ o^, B in 13** 30', and the 
clifSsrence c^ loneitude 52^ 58^ as before, that is the difbncc of the two 
meridians upon me equino£kial in miles, will be 3 1^8 ; but in the paral* 
lei of latitude of B, tbcdifbnce of the meridians will be 3090 miles, snd 
in the l^rallel of A 2043 ^^^s ^ difference of latitude betwixt A and 
8» is 36^ 30', or 2190 milies. 

Now if a fhip fail diredly fouth 2190 miles from A^ and then 3090 
diredtly wefl:, fhe will certainly arrive at B ;' and if fhe fails back again 
the fame diflance upon the oppofite rumbs, that is firfl 3090 miles eaft, 

P f 2 and 
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in 13^ 30', both north latitude;, their difference o£ longitude 52** 58'; 
B the weftmoft : Firft fct thepolc ta the latitude oi A,. Aen look for 37* 
2' (the complement of thedinerence of longitude) upoathe equinodial;. 
the meridian pafling thra' that pointy will interfefk the parallel of lati- 
tude of 13^ 30' in the pomt B ^ thro* B lay a ruler acrofi parallel to the- 
horizon ; its interfe&ion widi the graduated meridian,, will give the di-^ 
ftance of B from A^ counting the degrees from the zenith, and will be. 
about 56^ 15A 

For the angle of pofit]0n from A to B. The ruler being laid acrofs as. 
before, mark the point B upon it ; move the pole to the zenith, the me-» 
fiidian paifing. thro* the point, will be the azimuth circle required; but 
if it were required to find the angle of pofition firom B. to A,, fet the pole, 
to the latitude of B, and proceed as before. 

By fcale and compafies defcrlbe the circle, and^ quarter il as before^ 
Draw the axis and equinoctial to the latitude of A, alfo the parallel of la-- 
titude of 13"* 30':. Now to. find the point B in ^ this parallel^, it is^ only to- 
draw a meridian, which {hall make an angle of c;!'' dS',. wi&.die me-* 
" ridian of A* To do this by the line of chords^ tet off 52-'* 58' fi*om iE. 
both ways to ^and i/,. firom which two points^ lay a ruler acro& to inter— 
fedt the equino^kl in 3, which wUl be die point in the equinodid, thro' 
which the meridian of B mud ^s ; or by the line of fines, take the com- 
plement of the difference oSlongitude^^'' 2/, which fet off from the center 
C, and this will give die point b ; thro' wJbich draw a meridiana^ before 
diredted,. to intcrfeft the pasallel of latitude of 13.^ 30' in the point B, 
and thro' this point draw L T,. parallel to the horizon ; ZL or Z T,. 
meafured on the line of chords, will give the diftance nearly 56*" 15' - 
Draw alfo the azimuth circle 2LB G.y, C G meafured on the line of fines, 
nearly a l degrees,, will give the complement of the angle of pofition with 
the meridian of A ;, or thro' G^, draw a -tine parallel to Z C N^ to inter- 
na the cirde in Dand F;, HD or H.F,, meafiued.oathe lineof chords^, 
will be the aogle of pofiudn^ that the meridian of A makes with the. 
great cifde paffing thro' A and B,, and will be- nearly 69 degrees ; bur 
to find the angle it makes with the meridian of B„ we muft draw the^c- 
quitioAialand'axis to the latitude of B, and proceed as before. 

This problem can be of little ufe to. the mariner,, becaufe it gives the 
neareft diftance betwixt two places ^'^'^ ♦^^ <*/>»« r^^rc wViirVi k the only- 
guide he has to condu^ him from 
ttie diredb road y for the path whi 
makingeqoabangtes with all the n 
of the great circle, which is the 
with all the meridians ;, and therefc 
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and then 2^190 miles norths £he will certainly arrive at A ^ this would 
make the whole diftance failed 5280 miles. But if in failing from A, (he 
lirfl fails 2043 miles weft^ and then 2190 miles fouth, {he would like- 
wife arrive at B > and by failing the fame diilances upon the oppofite 
rumbs, (he would return back to A. Kfcr diftancc failed would be 4233, 
miles, but the neareft diftance is 3376; fuppoiing it poffible to ileerup-^ 
on the arch of a great circle. The 6\vtdi courfe by the compafs from^^ 
A to By will be fouth 50^ 6' weft, and the diflance to be failed in that 
courfe^ will be 3414 miles, as (hall be (hewn in Mercator's filing ^, what 
we are here to prove is, that if a (hip fails from B, north 50*" t' ea(l 34 14 
miles, (he will arrive at A. The only difliculty will be to reconcile this^ 
to the properties of a right angled triangle ; for in failing from B to A, the: 
didance 3414, is the hypothenufe^ the diSerence of latitude 2190, h. 
the perpendicular ; and the meridian diftance in the parallel of latitude: 
of A, -vtz. 2043 will be the bafe. Now in failing back from A to B, up- 
on the oppofite rumb, the diftance,. difference o^ latitude,, and angle, wil£ 
be the fame as before, from whence it may be argued, that the ba(e will. 
be tlic fame as before, viz. 2043 \ fo that when the (hip arrives yi the: 
parallel of latitude of B, (he will be 1047 miles to the eaftward o£it. 

But it muft be confidered that the whole dUFerence of longitude to be: 
run down from B to A^ is 52^ 5:8', which cannot be done by felling onljjf 
2043 ea(l:> unlefs.it be all in the parallel of A. Now in failing diredl/ 
upon one rumb, there is no eafring made in the parallel of A» and of con^ 
fequence,. all the eafting that is neceflaty to be made, in order to ruA» 
down the logttude, mu(l be made befo!?e (he ai-rives at the parallel of. 
latitude of A ;. and the nearer to B the eafting is made,, the snort it wUk 
require to run down the longitude : Again, neither the whole eafting^ 
nor.(lri£tly fpeaking„ any part of it, can be faid to be run down in ojajk 
parallel of latitude betwixt B and A ; for if (he £iil from B, in the dired: 
courfe towards A any adignable diftance,. (he muft make a fmadlpart ofi 
it northing, and a fmall part of it eading y and if (he fail back uppti the. 
oppofite rumb,. (he will ma^e the fame wefrings, betwixt the famie paral- 
lels (he made the eaftings in ; and becaife the feme eaftings, ape ooade in. 
the fame parallels of latitude that the wefli^gs are made ; the difference <^ 
longittide in both,.- will he the fame y and the (hip in &iling bade apcsiF^' 
the oppofite rumb, will^ certainly arrive at B^ 

Or let us fuppofe 2190 parallels of latitude adually defbribed betwixt. 
A and B, like wife 2190 meridians. Now in failing from B to A, infread 
of faiKn« the dire<ft courfe, let us fail fir(t diredly eaft till we come to the 
ikk of theie meridiaos i thea due oorth agaia to the £cft pamllel^ and d^e 
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eaft to the fecond meridian ; and fo (Proceed failing, firft north, and then 
caft, till the laft north courfe brings us to the parallel of A, and then an 
eaft courfe will bring us to A. By this n)eans (he forms 2i90fmall 
idght angled triangles ;. the perpendiculars will all be equal, 'viui. one mile 
each, but the bafes will ail be unequal, ftill decreaiing the nearer we 
come to A, In failing back,, if we go upon the oppodte rumbs,- we 
ainft firil fail as much weft in the parallel of A, as we did eaft before > 
and then fouth to the next parallel, in which we muA fail as much wefl 
as we did eaft before to come at the next meridian, and fo proceed fail- 
ing firft fouth. and then weft> till we come to B ; where it muft be ob^ 
&rved» that in every parallel of latitude, we make as mudu Rafting as 
we did wcftflag; which will ii^falUbly bring u& back to the f^me port.. 

Now let ns fuppofe an infinite number of pa^rallek of lat^ttide, iiviA m\ 
iofintte number of meridians; and let us ftedr an ii^sfinite i^u^ber of 
€our&s, ficft north, and cken eaft,. we fhail have an infinite number of 
AnaQ triangles, and their perpendiculars and bafes being infinitely fmall^. 
both may be faid to vanifh, -and kave nothing but the hypothehufe,, 
which ufon £he globe, is nsprefented by a curve, making equal angles ' 
witii ail the meridians, being the path a fhip defcribes, which i& led by- 
the dirodion of the comp^fs from B to A ; and in failing back from A. 
to B^ the triangles will be the fame as bcfore> and fo ijuite vanifli, leaving; 
only the difkince,. which will certamly bring the fhipbacktoB. 

We fhall not here examine how thefe rumb lines am defcribcAtiponi 
the globe,, for as we obferved before,, though in theory they may be 
eoneeived to be drawn^ yet it will be fcarce poffible to draw them true,. 
with indin'd' meridians ; thia- fhews the neceffity of a projection of the: 
fphere upon a plane, where j^iU the meridians may be parallel to each o^ 
thcr; in this cafe the rumbs will all be-ftrait lines. How to confkud: 
fuch a projedion, fbaU be the fubjcfik of the next chapter. 

We fhall only here remark that in nawgation, the departure, and merii. 
dian diftance, may be confidcred as one thing,. i;/;s. The whple eafting,, 
or wefting that a (hip muft make in ftecring upon a direft courfe from one* 
port to another ; and this will always be equal to the fum of all the depar- 
tures made every 24 hours, but will not agree with the common defini- 
tion of departure and meridian difbnce,. as in Def. 10. for by that, we: 
can aflign no proper departure betwixt any two places, that are not in the 
feme parallel of latitude > for let the two places be A and B, the diflance be- 
twixt their meridians,, in the parallel of A will be 2043 miles, and in the: 
parallel of B 3090 fo that neither of thefe can properly be called the 
meridian. diftance, or departure betwixt thefe two places; but if we fail; 
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in a dire^ courfe, viz. fouth 50^ 6' weft from A 34141036$ ; we&aU 
>make 2619 wefting when we arrive at A, which we (hall call the de- 
parture, or meridian diftance betwixt A and B, and in failing back from 
B, the courfc will be north 50*^ 6' eaft ; the diftance 3414, and theeaft- 
ing 26 1 9i ^he fame as the wefting before. 

From this we may infer that the fame courfe and diftance, whether 
we fteer from or towards the equator, will always give the &me diffe- 
rence of latitude and departure; which is the reaifon that ieveral experi- 
enced artifts keep their account by their meridian diftance, without re- 
garding their longitude ; for we muft not fuppofe, as fome have alledged, 
that they are ignorant of the caufe why they make more wefting in go« 
ing towards the equator, than they make eafting in returning back, for 
they well know that (outward bound) they get into the parafiel of their 
port, long before they run down their difference of longitude, which 
therefore muft require more departure than in coming home ; becaufe 
that it is pofTible they may have 6 or 8 degrees of longitude to run down 
tin the parallel of 13^ 30^ when failing to B; and the fame number of 
degrees of longitude to run down in the parallel of 50^ o', when failing 
from B to A. So they do not return near the oppofite rumb to that on 
which they faifed out ; but as they conftantly fteer the fame conrfes out 
every voyage, as near as the wind will permit, in the courfe of many 
voyages, they find the meridian diftance. nearly the fame every voyage 
outward bound ; and if in ieveral voyages they can fteer the fame courfes 
home, that they fteered home the preceding voy^es, they will find 
their departures nearly the fame as in their former voyages, tho' always 
lefs thab the departures out, for the reafons before afligned : But it hap« 
pens "^ rarely, that they can keep the fame courfes two voyages; that 
very few have any regard to the meridian diftance, but keep their account 
by the difference of longitude; which will always be the fame out and 
home, whatever courfes they fteer« 
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CHAP. in. 

Of PLAIN SAILING. 

& E C T^ L 

m CONSTRUCTION and USE if SEA CHARTS. 

rbeLONG^LINE^andHALF MINUr<E GLASS^, 

PLAIN £03102- is diat where the plain chart is ufed, all the variooa 
cafes of which will be exadly the fame with thofe of right angled 
triangles y fo that we are only to (hew how thoie trkngles are formedupon 
the chart; and the names of the iides. 

In this chart the meridians are ibait lines drawn parallel to one ano* 
ther; the equinodial, and all the parallels of latitude are likewafe ftrait 
lines parallel to one another ; by this means the rumbs will be ftraitlines, 
and make equal angles with all the meridians, but then aU'the piarallels 
of latitude will be equal to the equinoSial, which is a very great error,^^^. 
ait any coofiderable diftance from the equinoAial: it is called the plain i 
chart, and conftruded in the fame manner as that of furveying land ia: 
Plate io._ All the lines drawn parallel to A B, may be called meridians^^. 
and thofe parallel to B £,, parallels of latitude p which being all equal to « 
the equinoAial, will make the departure and difierence of longitude the 
very uime thing, though in the parallel of latitude of 60 degrees,. it is^ 
only one half of the difference of longitude ; and if nearer the pole, the - 
error will ftill be greater, fo that this chart muft be very erroneous. 

The only true fea chart is Mercaior'Sy which retaining tfae^paraUeli^i 
of the meridians, will occaiion the degrees of longitude ih any parallel^. 
to be equal to the fame degrees in the equino&iaU as in >th& plain c]^rt;; 
but to remedy this,, the degrees of the meridian, in this chact, arc enlargr- 
ed in the fame proportion £at the deerees of the parallels of latitude are... 
Before we fhew the conftra&ion of this charts we (halLffiew all the ufes^ 
of the plain chart; fbr as there are two fea charts,^ from hence; arifes the 
divifion of navigation in two parts,. 's;/2;. plain,, and Mercator- ^Miingy. 
we fl^aU here treat of the firft. 

Every place is fuppofed to haw a. meridian, and- parallel of: latitude, , 
and if actually drawn, and likewife a ftl-ait line from any place to ano*- 
tfaer,^ that differ both kulatitude^and longitude; wciball then have, a right: 
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angled triangle, whereof ihd meridian ^ill be tlie perpendicular, the de- 
parture the bafc ; and the diftance the hypothenufe : Let the two places 
be A and Z, ha orXz^ will be the perpendicular ; j Z or A 2?, the bafe ; 
and A Z, the diftance lipon the rumb line ; a'nd that A a is the difference 
of latitude, and <iX the departure j betwixt A and Z, is evident by the 
definition of thofe terms : The angle that is formed by the rumb line, 
and the meridian, is called the courfe, which correfponds to the angle 
oppofite to the bafe in trigonometry. 

As in trigonometry there are fix cafes, fo there are the fame in plain 
^foiling, and the folutions the fame in both, only changing the names of 
the parts. The hypothenufe, is called the diftance -, the perpendicular 
is called the difference of latitude ; the bafe is called tlie departure ; and 
the angle oppofite to the bafe, is called the courfe. 

Now here, as in trigonometry, there are four things, any two of which 
being given, the other two may be found. 

The mariner has two things given, viz. the courfe and diftance ; the 
former by the compafe, and the latter by the log-linle and half mintitc 
glafs. 

To the end of this line there is &ftened a piece of wood, with as much 
lead at the lower end as will ferve to make it fwim upright in the water: 
It is divided into knots, the diftance betwixt the knots muft be exai^ly 
the i2oth part of a mile 5 and there muft be a fufficient quantity of line 
betwixt the log, and the mark from which the line begins to be dived- 
ed ', fo that when the mark is at the ftiip's ftem, the log may be. clear of 
the eddy of the ftiip ; and then the half minute glafs is turned, and the 
line vereed of the reel, which is ftopped as foon as the glafs is out: this 
will give the exad: diftance the ftiip has failed in the half minute ; and 
if fhe continues at the fame rate for a whole hour, her diftance run in the 
hour is alfo known ; for ftie will go as many miles in the hour, as there are 
knots mn put in the half minute ; this is the only method thev have ta 
meafure the diftance, and may be liaMe to great errors unlefs me line be 
very carefully divided, and the glafs adtually half a mioute. 
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SECT. ir. 

rhe Refilmion of the fix Cafes of PLAIN SAILING. 

TH E moft expeditious way, and which is always ufed in praftice, 
is by the table of difference of latitude and departure. 

This table gives, by infpedlion, the difference of latitude, and depar- 
ture, to any courfe, for any diftance lefs than lOo miles. 

In the uppermoft rank, are placed the courfes from i degree to 45, 
including points and quarter points ; and in the lower rank, the courfes 
from 45 to 90 ; each courfe 16 divided into two columns ; under lat is 
the difference of latitude ^ and under dep. is the departure; and under 
did. is the diftance correfponding to them ; but when the courfe is more 
than 45 degrees, it will be found in the lower rank; and the difference 
of latitude over lat. and the departure over dep. 

We (hall worlf an example in each cafe, by the logarithms, by 
fcale and compaffes, and by tbefe tables which will fufikiently explain 
their nature : We fhall likewife ihew how to delineate them by the line 
of rumbs. 

CASE L 

Given the courfe and dijiance, to find the differ ente of latitude and de^ 
parture. 

EXAMPLE. 

A (hip fails S W b W 60 miles. I demand the latitude come to, and 
departure. 

This is exadly the fame with the firft cafe of trigonometry, and the 
triangle delineated in the fame manner, only we make ufe ot the line of 
rumbs to fet off the angle by. 

The line of rumbs is conftruded in the fame manner as the line of 
chords, from a quarter of a circle, divided into 8 equal parts, for points 
of the compafs, and thofe fub-divided into quarters ; the ufe of this line 
is to fet off the courfe, which is always given in points of the compafs, 
and not in degrees; as in this example the courfe is five points from the 
meridian ; therefore upon the line R T, from the point R, defcribe an 
arch with the chord of 60 degrees, upon which fet off five points taken 
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from the line of rumbs ; this might be taken off the line of chords, tho* 
not fo exadlly, becaufe of the odd minutes; being 56^ 15', fo that in all 
the cafes in navigation, we (hall make itfe of the line of rumbs„ obferving. 
that the arch muft be defcribed by the chord of 60 degrees, to whicht 
that line of rumbs is adapted. We (hall give no further direftions for de- 
lineating the following examples, only refer to the like cafes in trigono- 
metry. In order to work them by the logarithms, the points muft be tum^ 
cd into degrees, for which there is a table to find them by infpedlion 5 5; 
points is 56^ 15', then it will be,. 

As the radius or fine of 90 - - i.o.oooooa 

Is t6 the diffiance 60 miles - - 1.778 151 

So is the fine of the courfc 56^ 15^^ - 9.919846 

To the departure 49.9 miles - - +1 -697997' 

As radius • - • 10.000000 

Is to the diftance 60 miles^ • ' • 1.778 151 

So is S. C. of the courfc 33.^ 45' - 9*744739 

To difierence of latitude 33. 3 miles - ^i.^iiio 

By the table of difference of latitude and departure, the conrfe is more 
than four points, therefore it will be found in the bottom, that is 5; 
points; and in the column over lat. is 33,3, for the difftrencc of lati- 
tude ; and 49.9 In the column over dep. for the departure, both right a- 
gainfl 60 in the column dift. 

By extending on Gunter^i fcalci if the courffc be turned into degrees,, 
it will be juft the fame as was in right angled triangles. 

But there are two lines on Gunter's fcale by which it may be done,, 
one is marked S R,, and the other TR ; that is tke fines and tangents of 
the rumbs ; and as the fine 0^90 degrees, and the tangent of 45 degrees 
are equal to the radius^ fo 8 points is^ for the radius on* the line fine rumb, 
and 4 points for the radius on the line tangent mmb. 

For die departure R : S 5 points : ; 60 : ^0 nearly. 
For the difference of R : S 3 points : : 60 : 33/3. 

The extent fsom 8 points to 5: points on the line S R, will:^ be the fame 
fifi from 90 to 5.6^ 15' on the logarithmick line of fines^ and will reach 
from 60 to 50^ on the line of numbers ion the departure; the extent from^ 
8 points to 3 points, will be the fame as from 90 to 33^ 45' on the loga- 
fithmick fines,. -and will reach from. 6q to 33.3 on the line of numbers for 
the difference of latitudfu. 
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C A S E II. 

Given courje and difference of latitude^ tojindthedijlance and departure. 

EXAMPLE. 

A flup fails S E b S, till ihe alters iier latitude 50 miles;; I demand her 
«diflance and departure. 

This is exaftly the fame triangle with tlie preceding, but what was the 
xiifFerence latitude before, is now the departure 3 the proportion will be. 

As finetcompu of the ceurfe, fviz. ^6^ 15' 9.919846 

Is to the difference of latitude 50 miles ^ -^97997 

So is the radius or fine of 90 10.000000 

To the diftance 60 miles 1.778151 

As fine comp. of courfe or of ^6^ 15' 9.919846 

Is to the difference of latitude 50 miles 1.697997 7 11.442736 

So is the fincof the courfe 33° 45^ 9.744739 3 9.919846 

To the departure 33.3 miles 1.522890 1.522890 

By the table of difference of latitude and departure, the courfe is now 
three points, find it in the upper rank, and under lat. find 50 the given 
difiference of latitude ; corresponding thereto under dif, is 60, and under 
.dcj>. is 33.3. 

By Gunter^s fcale, S of 5 pomts : fine of 8 points : : 50 : 60 ; the extent 
irom 5 points to 8 points, on the line S R, will reach from 50 to 60 oa 
the line of numbers and gives the diftance. 

Eor the departure S.of 5 points : fine 3 points : ^|^o : 53.3. 

CASE in. 

^iven courfe and departure to find the difference of latitude 4ind difian^e. 

EXAMPLE. 

A fliip fails N W by W till fhe gets 50 miles to the weftward ; I de- 
mand the diftance and difference of latitude > this is a cafe that can fcarce 
'cver happen, and is the fame with the preceding, only calling what was 
difference of latitude in the former, in this the departure, and what was 
departure in the former, is now difterence of latitude ; and then the ope** 
jrations wiU, in all repeds, be the fame as before. 

fijg2 CASE 
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CASE IV. 

Given the di fiance and difference of latitude ^ I demand the courje and 
departure. 

E X A M P L E. ^ 

A {hip fails betwixt the fouth and weft 60 miles^ and finds by a good 
obfervationy ithe has made 50 miles fouthing ; I demand the courfe and 
departure^ delineate the triangle as in Cafe 4. right angled triangles \ the 
propcwtlon is 

As the diftance 60 miles ... 1.778151 

Is to diflfercncc of latitude 50 miks - - '•697997 
So is radius or fine of 90 - - - icoooooo 

ii.6g7997 
To the S. C. of the courfe s^^ 'S' 9-919846 

So the courfe will be S. W. b S. the departure will be found by 
Cafe I. or 2. 

By the table of difference of latitude and departure, torn over tiH you find 
50 in the difference of latitude column, and 60 in the diflance column ; 
and becaufe I find 50 in the column that has lat. at the top, the courfe 
will be there alfo, war. 3 points, that is S. W. b S. and in the departure 
column I find 33.3 wefting. 

By Gunter\ fcale ; the extent from 60 to 50, on the line of numbers^ 
will reach from 8 points to 5 points on the line S R. 

C A S E V^ 

Given difl^nce anddeparture^ to find the courfe aud difference of latitude. 

EXAMPLE. 

A (hip fails betwixt the north and eaft 60 miles, till her departure is 
50 miles ; I demand her courfe and difference of latitude. This is ex- 
aftly the fame .with the preceding, and fcarce can happen, fo we fhall 
proceed to the next. 

CASE. VI. 

Given difference of latitude and departure^ to find the courfe and diftance. 

EXAMPLE. 

Two iOands P and T, T in 32^^ 41', and P in 20^ 53''both north la- 
titude ; 
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titudcj P lieth to the weftward of T 6^ 45'. I demand their bearing 
and diftance, or which is the fame thing, what courfe muft be ftecr]d 
from P to T, and how many leagues diftant ; delineate the triangle as in 
Cafe 6- trigonometry, and find the difference of latitude by fubtradion, 
which turn to leagues off 20 to one degree, as in the operation. 

Departure. 

A 32 41 6 45 by 3 15 

B 20 5 3 ^ 20 ^ 

II 48 120 

20 15 

220 leagues 135 departure 

16 for 48 miles 
236 diffe. of lati. in leagues 

The proportion is. 

As the difference of latitnde 236 miles 2.372912 
Is to the departure 135 miles 2.13.334 

10.00000 



So is the radius or tangent of 45 j2. 130334 

To the tangent of the courfe 29® 46' 9-75742 2 

By the table of difference of latitude and departure, thefe numbers are too 
large to be found in the table, therefore take the quarter of each, fo 59 will 
be for the difference of latitude, and 33 4, the departure ; find thefe in their 
proper columns, and correfponding thereto in the diftance column, will 
be 68 or 69, which multiplied by 4, will give the whole diflance y and 
becaufe the difference of latitude is greater than the departure, the courfe 
will be found to be near 30 degrees, and taking 68.5, which is the neareft 
diflance correfponding to the difference of latitude and departure ; in the 
tables, the whole diflance will be 274 leagues, aad the courfe from P' 
to T, will be S. S. W. 4^ W 2 degrees weflerly. 

By Gunter's fcale ; the extent on the line of numbers from 236 to 135,. 
will reach from the tangent of 45 to 30, or 60 degrees on the line of 
tangents : Now to know which of thefc two wHl be the angle, obferve 
which is greateft, the difierence of latitude or departure^ for if the dif- 
ference of latitude be greateft, as in this example, the angle will be lefs 
than 45 degrees, but if the departure be great^ft, the angle will be more 
dian 45 degrees. 

Thefe arc all various cafes m plain failing, which being well under- 
ftood, it will be eafy to give a true fdutii^btiothe iR^owifig-quef^kms, by 
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the table of difference of latitude and departure : For it will be too te- 
dious to work them by the logarithms, or conftrudt them geometrically; 
therefore in praftice we always ufe the tables, and for the proof, let them 
be performed by Gimter*s fcale. 

A fliip in 22° 51' north latitude, fails N. N. i W. 83 leagues the lati- 
tude come to, and departure from the meridian is required. . 

A fliip in o^ 56^ north latitude, fails S b W 4^ W, till by a good obfer- 
vation (he is 1.13 fouth latitude; her diftancc and departure is required, 

A fhip in 36° 40'- fouth latitude, fails betwixt the N and E, till flic 
gets into ^4^ 50' fouth latitude, and finds by the log, flie has run 6j 
leagues; the courfe and departure is required. 

Two iflands A and B, A in 2^ 2' north latitude ; B in 5^ 16' fouth 
latitude ;*B lies 250 leagues to the weftward of Aj the <:ourfc and di- 
ibancc is required, 

SECT. III. 
Of working aTraverfsy or reduting various Courfes into One. 

BEing now provided with a good fea chart, to find the bearing and 
diftance of any two places, and with a compafs to dircdl the courfe, 
alio with a log line, and half minute glafs, to know how far we have ad- 
vanced towards our port ; we need only keep an exadl account of the di- 
ftances, by fetting down every day at noon, the number of miles failed 
the preceding 24 hours, in a book provided for that purpofe: Now if 
at any time we want to know our diftance from the port we are bound 
to, it is only coUedling the feveral diftances wc have failed every 24 hours, 
and fubtrafting the fum from the whole diftance : the remainder will be 
the diftance we are from our port : But as it is impofiible to keep a (hip 
in her direft courfe, by reafon of contrary winds, the intervention of 
lands, or various other accidents, which forces her out of the direct 
courfe ; it will be atbfoktely ncceflary to keep an exadt account of every 
particular courfe and diftance, failed in 24 hours ; and then reduce all 
thefe different courfes and diftances into one : This is what is called a 
traverfe, and is only fo many different queftions of the firft cafe of plaia 
failing ; for after we find the differences of latitude and departure, to e- 
very particular courfe,if they are in the fame quarter of the compafs, we may 
.coiled all the differences of latitude into one^ which will be the whole xliffi:- 
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rence of latitude, from the firft port failed from, and the fum of all the 
departures will be the whole departure ; and having the difference of la- 
titude and departure, the courfe and diftance is found by the laft cafe of 
plain failing. If fome of the differences of latitude be northerly^ and 
Ibme foutherly, add the feveral northings together, and alfo the feveral 
ibuthings ; if they are equal,, the fhip has not altered her latitude, if un- 
equal, fubtradt the lefs from the greater, the remainder will be the whole 
difference of latitude > do the fame by the departure when there are eafl* 
ings and weftings. The whole art of navigation depends upon keeping 
a correift and diftindt account of thefe various courfes, and reducing thera 
to one : For which purpofe it will be proper to make a table of fix co- 
lumns, as the following : 



Courfe. 


Diilaace; 


S. E. 


38 


S. E.bE. 


42 


E. S.E. 


25 


E. 


3«> 


E.KE. 


15 


N. W, 


24 


W. S, W. 


17 


Courfe good. 


Diftance. 


S.66»E. 


led 



North. 


' South. 


Eaft, 


Weft 


0.0 


26.9 


26.9 


0.0 


0.0 


23.3 


34-9 


0.0 


0.0 


9.6 


2.3.1. 


00 


0.0 


0.0 


3.00 


O.Qf. 


57 


0.0 


^3-9 


o.ty 


17.0 


0.0 


0.0 


17.0 


0.0 


6.5 


0.0 


».';-7 


22*7 


663 


128.8 


32-7 




22.7 


.=?2.7 






43^6 


96. % 





In the firft are the feveral courfes 5 in the fecond their correfpondfng; 
diftances ', then by the table of difference of latitude and departure, find 
a difference of latitude and departure ta every courfe and diftance, and" 
fct them down in their proper columns, fum up all the northings, is- 
22.7, which fubtradt from 66.3, the fomofthe fouthings; there re- 
mains 43.6 miles of fouth difference of latitude 5 the fum of the eaftings 
is 1 28. 8, from which fubtraft 3^.7, the fum of the weftings ; there re- 
mains 96.1 miles eaft departure. As this number exceeds the limits of 
the taHc, take half of it 48 ; take alfo half the difference of latitude 21.8; 
the neareft I can find to thefe two in the tables, is 2-1.6 and 48.4 in the 
column over 66 degrees, and in the diftance columais 53, whicb doubled,, 
makes 106 for the whole diftance. 

By this way of keeping an account, we may at any time, know the 
courfe and-diftance to the port failed fi-om, which fuppofe in 30^ 30'' 
ciorth latitude, and likewife the courfe and diftance to the port: bound ta^. 
livhich fuppofe in 29° 18 'north latitude, and 72 leagues to theeaft.ward^ 
JLet the port failed firom be A^ and the port bound to B^ the difference 
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of lathude will be 24 leagues, and the departure 72 ; the courfe will be 
nearly E. S, E. ^ E. about 77 leagues diftmit j but after fleering the fe- 
vcral courfes, as hi the table, the (hip arrives at C. I find by the pre- 
ceding calculation, the whole difference of latitude made from A to C, is 
43.6 miles fouthing ; and the whole departure 96.1 miles eafting; there- 
fore fubtrading the difference of laititude nwde from A to C, from the 
whole that was to be made from A to B 5 the remainder will be the dif- 
ference of latitude yet to be made, and fubtrafting the departure made, 
from the whole that was to be made at firft fetting out, the ren>ainder will 
be what is yet to be made : And fo having the difference of latitude and 
departure given, by them the courfe and diftance is found. See the ope- 
ration. 

Difference of latitude from A to B 72 miles 

Difference of latitude from A to C 43.6 miles. 

Difference of latitude from C to B 28.4 miles is 9 ^ leagues. 

Departure from A to B 2 16.0 miles. 

Departure from A to C 96- 1 miles. 

Departure to be made from C to B 1199 miles is 40 leagues. 

The neareft I find to thofe two in the table of difference of latitndc 
and departure are 39.9, and 9.2 ; fo the courfe will be S. yj^ W. 41 
leagues diftant. 

By this it is evident, that it is firft abfolutely neceffary to know the 
whole difference of latitude and departure, that is to be made before we 
fet out. Secondly, we muft keep an exa<5t account of the various courfes 
and diftances fteered, by which we may at any time know how much of 
our difference of latitude is made, and confequently by fybtradion, we 
may always tell what difference of latitude and departure we have to makes 
all this may be done without a chart, by a table of latitude and longitude 
of places. 

The geometrical conftrudlion of a traverfe would be too tedious for 
pradlicc, but as there are feveral fmall iflands, rocks, and lands, laid down 
in a chart, that are not in the tables of latitude and longitude ; it will .not 
be improper, every day at noon, to mark the place the fhip is in upon the 
chart ; by this means we may have a view, not only of our port, but alfo 
of any rocks or fands 5 this is efpecially neceffary when we come near io 
the land, we iball therefore fhew how this is to be done. 

SECT, 
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SECT. IV. 

ro prick the P LAI N CHART. (PlateX). 

<nr^ H I S is to lay down the place the (hip is in at any time, or to find 
• I the bearing and diftance of any two places upon the chart, 
"ouppofe a fliip bound from A to O 5 required the courfe and diftance. 
There are feveral compafles, or rumb lines upon the chart, by which 
the rourfc may be readily founds thus, lay the ftrait edge of a ruler fo 
that it may touch the two places A and O, then take a pair of compafles, 
and placing one foot in the center of any compafe, open the compafles till 
the other foot touches the edge of the ruler % then Aiding the compafles 
with one foot by the edge of the ruler, the other foot being perpendicular 
<o it, will trace out the rumb lincpii which the fhip mufl fker : Now 
as the rumbs are only drawn to the whole points, it may happen, as m 
this cafe, that the foot of the compafTes will not fall exadly in the rumb, 
i)ut we may eafily cflimate the quarters ; fb the courfe from A to O, wiH 
be S. E. b S -Jr E» A C, is the whole difference of latitude ; fuppofe 90 
leagues, C O the whole departure 66 t leagues. Now it is certain if we 
fail 90 leagues fouth, and then 66 4- leagues eaft, we fhall arrive at O ^ but 
I find by my account, that I have made only 14 leagues fouthing, and 35 
leagues cafting : Now I want to know what place I am in, that I may 
fleer a diredl courfe for.O. To find this, provide two pair of compafles : 
In one take the difference of latitude 14 leagues, which fet off in the line 
AC from A to ^; with the other pair take the departure 35, which fet 
off from C to r in the line C F; from r with the difference of latitude, 
defcribe an arch, and from ^, with the departure defcribe another arch^ 
to cut the former in i, which is the point the (hip is in at the time the 
calculation is made, andaiay be done every day at noon, or if need be at any 
other time. The next day at noon, after reducing the various courfes to 
one,. I find I have made, in that time, 42 leagues fo^thing, and 28 leagues 
eafting 5 I want to know the place the fhip is in : If the point i, where the 
/hip was the day before, be at the interfedkion of a meridian, and parallel, 
we may find it by the fame method we found the point s the day before j 
if it is not, take with one pair of compafTes, the nearcft diftance of the 
point J, to any parallel ; with another pair of compafles take the departure 
^8, with which defcribe an arch from s as center 3 then flide the firfl pair of 
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compares with one foot in the parallel, and the other perpendicular to h^ 
till it cut the arch in n ; again with one pair of compafles^ take the neareft 
diflance of the point » to a meridian, and with the other pair take the di& 
ference of latitude 42, and defcribe an arch from the point n as center, and 
move the firfl: pair upon the meridian, till it cut the arch in^, which is the 
place the (kip is in. After the fame nranner we may £nd the place the (hip 
is in every day at noon : When the chart is not very large, it may be 
done thuB} let the (hip be inias before; fir(i laya ruler booA thecnait^ 
kt the edge be parallel to fome eaft or weft line, and pading through s^ 
mark the two points e e, where the ruler cuts the two linet thtt Imut 
the chart, then take the difference of latitude 42, aad ict it firom e and 
^ to ^ and 0, and lay the ruler acrofs by thefe two pointit It is plain the 
(hip muft be fome where in the line 00 ; to find whicli, take witha jmbt 
of compafles^ the neareft difbmee of the point /, to aiqr meridtan t ob-^ 
ferve where that merkfian cots the edge of the ralcrt fron this fit oST 
the diftance in the compafles by the e^e of the nikr Co r ; then taking: 
theea(Uag28» itwillsncb6oai#t»/^ wfaict^iadtt place tfaediipisiab 



CHAP. IV. 

0/Mereattrp middk Latkudt, and faraUd Sailm^^ 

WE have now fuUy explained all the varieties of ikying by the pkub 
chart, bus it i& Aibjed ta very ^reat errors^ for by making all the 
parallels of latitude e<^l to the equinodlial ^ the difference of l^igitude 
betwixt any two pkces will always be equal to the departure^ wheieas is: 
hdi the difierence of longitude,, may be lometimes douUe, or treble,, and 
always more than the departure, except when the two places are upoa 
the equiaodial* To iUuftrate thisjkt there be two iflanda A iii 32^ 41^, and 
B in zo^ 53 ^ both north latitude, and let their d^rence of longitude be 
7.15, or 145 leagues,, that is to fay, if there be a meridian diawm thro' A» 
and one thro*^ B ; their greateft diftance will be upon the equinoAial, viz^ 
145 leagues, but the(e meridians continually approach one another, till at 
laft they meet in the pole,, therefore their diflance in the parallel of aa^ 
53', will be lefsthaa 145 leagues j. let it theabe 135 leagues, andthdr di^ 
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ftanoe in the parallel of 32"" 4i'i will be iHU lefi than their ififtance in 
the parallel ot 20"" 53 ', ^i^cfa fappofe 121 leagues % the difierence of b-' 
titude from A to B, is 236 leagues^ fo if a (Up at A fails 236 leagues^ 
due north) and then 135 kagoes due eaft, (he will certainly arrive at B; 
again if fhe fails from o 236 leagues dae norths and then 121 leagues* 
dtie weft, (he will arrive at A ^ but by the principles of the plain chart, 
(he muft fail 135 leagues, wldch makes an error of 14 Id^jues; and if 
(he two places were more to- the northwsml, die error wodld ftill be 
greater* 

SECT. I. 

nr^O remedy tins etror, a>new dtact muft be madi^ In whidi die de» 
Jl grees of any parallel, fliall havethe fiune raqxirdon to die degrees 
M die meridian, that they adoally have upon tiie: g^e; but this mnft 
not be, by inclining die meridians, becanie the ramb lines would make 
unequal angles with them : The meridians then muft continue parallel to > 
one anodier ; this will make a degree in any parallel, equal to a dc^ee in 
Ae eqiwnn^Kal, winch ia a-monftcous error; for a d^ree in the parallel 
of 60, is but half a ckgree in the equmofUal : Theiefere in this diart, 
the degree of the meridian that lies betwizt ^9^ 30', and 60"* 30^ muft 
be double the degree that lies betwixt the equino&ial, and the firft degree 
i^xMi the meridian, thatis fiippofing the parallel of latitude of one degree 
to be 60 miles diilant from the equinodial ; then the diftance betwixt the ' 
parallel of 59^ 30^ and the parallel of 60'' 30^ muft be 1 20 miles : This 
wHl occafion the nwridkn to be unequally graduated, and fuppofe a paral- 
lel of ladtude be drawn thro' every degree of the meridian, the diftancea 
betwixt thefe parallels will be unequal ; that betwixt the firft and the e« 
quinofiJal will be the leaft, but it increafedi the further the parallel is re- 
moved from the equsno&ial, in the iame proportioa that the parallel is 
lels than the eqninodial. 

In order then to graduate die meridian, let us fuppofe a degree ot tlic 
equinodlial, or of t& meridian, which are both great circles, to be 6<^ 
miles ; the parallel of i degree of latitude, is very near as great as the e 
quinodlial, and fo the iirft degree of the meridian will be 60 miles ; in 
like manner the parallels of 2> of 3, of 4, of 5, are fo near the equinoc- 
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238 THE PRINCIPLES OF ChAp. IV. 

tial, that the diibnces betwixt them may be all equal, that is 60 mUes j 
but then the parallels begin to decreafe very perceptibly, and therefore 
the diftance betwixt the parallel of 5 and 6 will be 61, and the diftance 
betwixt the parallel of 6 and 7, will be a little more, and ftill increafing;. 
fo the only difficulty will be to graduate the meridian. The i^ft thing 
to be done, is to calculate how many miles will make one degree ia any 
parallel of latitude, for which take this proportion: 

As the radius,, is to the fine complement of the latirude,*— fb is 60 the 
miles in a degree upon the equino£tial, to the number of miles that wilL 
be contained in a degree in that parallel, or which is the fame thing. 

R : S. C. latitude : : difference of longitude : departure. 

DEMONSTRATION. {Plate 1 1. Ftg. i.) 

Let MZht the latFtude, then will Z P be thexomplemrent ; Z 2; the 
radius of the parallel is the fine of the complement angle P C Z. Now 
the degrees or one circle are to the degrees of another, as the radius of 
the one is to the radius of the other, as was proved in part firft. There- 
fore i£ C, the radius of the equinoctial is to Z 2;, the radius of the pa- 
rallel,, or fine complement of the latitude, as a degree of the equino^ial^ 
or difference of longitude, is to a degree of the paraUel or departure. 

By this calculation it will be foimd that a degree upon the parallel of 
60 degrees, will contain but 30 miles; for the complement of 60 is 30, 
and the fine of 30 degrees^ is half the cfaoird of 60 degrees, or half ther 
radius; fo the diameter of the parallel of 60, is half the diameter of the 
equinoftiak 

Tho' this proportion be tnie» it would be a great labour to make tables^ 
by it, which Mr TFrigbt has effefted by another method ; for he confi- 
dering that the radius is to the fine complement as the feoant is^ to-the ra* 
dius, calculated a table of meridional parts, Y^j a continual addition of 
tke fecants. In this chart the fine complement is equal to the radius,. be- 
caufe the meridians are parallel to each other ^ fo the degrees of the pa- 
rallel are all enlarged beyond their due meafiire, and therefore the de- 
grees of the meridian mufi: be enlarged in^the fame proportion, which* 
will be as the fecant of the parallel is to the radius.; to prove this^ let C B< 
be 60 miles, equal a degree of the^ tq\nno&\z\: {Plate 1 1 . Fig. 3.) with this, 
as radius^ defcribe a circle^ and draw the parallel FE; it is plaia D £ would 
be a degree in that parallel ; but upon the chart it is D G. In the triangles. 
DEC, and A C B, the angles A C B, and DEC, are equal being alternates,. 
la the two paralkls^D G^ and C B j; the angles at D and B, are right,, there^ 
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fi)rc the triangles arc limilar, and CE:DE::CA:CB, but in Merca-^ 
tw's chart D E is enlarged till it is equal to G £ ; therefore to keep the fame 
proportion, G B muft be enlarged till it is equal to C A, that is if C B be 
a degree of the meridian at the equinodtial, C A mufl be a degree of the- 
meridian at the parallel F E ; byrthis means, it will be enlarged in the fame- 
proportion that a degree of a paralkl is enlarged : Now let D £ be the pa- 
rallel of 30^, if 60 miles be a degree of the equinoctial ; then 5-1*96 fhoiild- 
be a degriee in this parallel, as in the following operation ; but it is enlarged^ 
to 6oy therefore the degree of the meridian, that lies betwixt the pamlleli 
of 29^ 30', and the parallel of 30^ 30', muft be enlarged in the iamei 
proportion ; that is 51.06 : 60 : : 60 : 69.28,; for 60 x 60-^5 i.96s=:69.28. : 
{See the operation^ the logarithms)^ The complement of the pasallels; 
is 60 degrees ; therefore 

As radius 1 0.000000 1 60 miFes i . 77 81 5 r 

Is to fine of 60^ . 9-93753 1 ( 1,778151 - 

So is 60 miles in the equator • i.yySi^t^i C SSS^S^"^ 

To 52 miles in the par. + *7 ^ 568 2 J 52 miles i>7f5682 

' / :. * / %l8 i.84o6zo 

So a degree in the meridian at the parallel of 30 degrees of latitude 
muft be 69.28 miles^ and that this is equal to the fecant of 30 degrees^ 
wJU appear by the following operation. 

As radius . 10.000000. 

}s to the iecant of 30^ 10.062469^ 

So is 60 miles i. 778151 

To 69.28 miles 4-1.840620 

By the fame manner, we may find the number of miles that wlIT make: 
a degree of the meridian in any latitude ; but Mr Wright has conftrud:ed 
tables of meridional parts in fuch an excellent manner^ that the meridian: 
by them may be very eafily graduated. 

In this table, we ^nd by infpedtion, the number of miles that any pa- 
rallel of latitude is diftant froQi the equinodial^ fb the parallel of 29^ 
30', will be 1854 miles from the cquinodial, and the parallel of 3a!** 
30' will be 1923 ; the difference is 69^ which muft therefore be a de- 
gree of the meridian at that paralleL 

The manner Mr Wright calculated this table, was by a continual ad- 
dition of the fecants, which he calculated t.ytTL to minutes, with the ut^-^ 
moft care and exadnefs; he aftumed 60 equal parts. for a degree of the. 
equinodial^ and therefore the firft five degrees of. the mecidian would be 

one: 



Digitized by 



Google 



^4(y OF MEILCATOR*s CHART. CharEVT; 

one of thofe equal parts each^ becaafeif dK radius of a circle be 60 equal 
parts, the fecants of i» 2> 3» 4> 5 degrees, will be fo near equal to tlie ra- 
dius, that they may be accounted 60 each, to the fom of thofe feoaitta: 
will be 300 oqual parts j thefe are called meridional parts, and ihew the 
diibnce of the parallel of 5 degrees from the equinodial : The fum of 
all the lecants from the equinoctial to the parallel of 29"" 30^, is 1 854, 
which is the diftance of diat parallel from the equmo6fcial : Now if it be 
required to find the^diftance of the parallel of 30"^ 30' from the equinoctials 
find die fecant of 30^, which will be 69, and tlm added to 1854, oiakes 
1923, which escadly aerees with the meridional parts in the table^ cor« 
refpondifl^ to 30"" 30^ latitude. Having thus ihewn the conftrudion of 
the table of meridional parts, we (hall now (hew its ufe in making 
Mercator'% chart. 

SECT. II. 

fo make M E R G AT O R's Chart. (Plate 1$;. 

nr^H IS may he made to contain all the known parts of the whole 
M world, which is called a general chart, or to contain only a part 
c^t, which is called a particular charts and as they are both projeded 
in the fame manner, we fkall only (hew how to make one from the lati* 
tude of 30 degrees to the latitude of 60 degrees, and to contain 44 degrees 
of longitude. Draw the line A B, to reprefent the parallel of 30 degrees, 
which make 2640 equal parts, being the miles in 44 degrees, upon the 
equinodial, or in any parallel of latitude ; then draw the perpendiculars 
C A and D B, to reprefent two meridians ; and to find the parallel of 60, 
look for it in the table of merkiional narts, firom which fubtradt the meri« 
dional parts of the parallel of 30 ^ me remainder will give the diftance 
betwixt thefe two parallels, as in the following operation it is 2640, 
which fet off by the fame fcale of equal parts, 

60 — ^45128 

30—^1888 

2640 

from A to C, and from B to D, and draw the line C D, to reprefent the 
parallel of 60 degrees, thus the chart is limited $ then draw another me^ 
sidian any where at pleafure, to meet. the parallels A B and C D. 

This 
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This is called the firft meridian, where the kngitnde is fuppoftd to be- 
gin ; from which graduate the parallel into deneefr both ways, and flt eftry^ 
tenth draw a meridian, as in the dninght where thej are nvmbercd I6* 
8o',&<r. <m each iide of the firft meridian) then graduate the firft meridU 
an into decrees ; and at every tenth draw a parallel numbeied 30, 40^ 
50, 60. Now to find the number of equal parts, or which is the (am* 
thing ofeqttino^kial miles betwixt thefe parallels, piooeod thas:^ 

Lat. Men parts. Diff. 

^ 1888 J *°4® 

50 34751,^0- 

30 2888^i'5»7 

40 




30 18885 ^^S 

In the firft ct^umn are the degrees of latitodcf in Ae fecond, ^e cor* 
fefpoadiog meridional parts ^ and in the third, die diftance of each pa- 
tallel fi-om the parallel of 30 degrees^ We mttft proceed ia the fame 
manner, to find the diftance <^each degree fi-om the parallel of 30, or 
£roni one aoodier, and where the fcale will permit, the depees may be 
divided into minutes ; the meridians A C, and B D, may be ^duated» 
alfo the parallels A B, and C D, and the places laid down accord* 
ing to their true latitudes and longitudes > or if the places be adualiy laidi 
down their true latitudes and longitudes may be toand» and alfo their 
bearings and diftances by the £>llowing pcoblanaa, 

P R O B. I. 

Having the ktitaide and longitude of a place > to find it epon the 
chart. 

EXAMPLE I. 

t want to find the Haaid^ which by the tables^ ia in 50 degrees nosthi 
ktkude> and in o longitude. 

Look on the ^duated meridiaft for 50 degrees of latitude, where in 
this diart, there is aAoally a parallel drawn, and becaufe the lizard W 
BO lon|^tude> it will be at the interfedion of the firft meridiaa with that 
•acalleU 

EXAMPLE n. 

I want to find die ifland of Madeira in the charts who6 ktihide is 32.* 
r^' nortb> and longitude 12° 8' weft. 
Look Qnthe graduated moidiaafcr 32^ 17'^ then widi a pan- of eom^ 

paftes 
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242 "OF MERCATOR^s CHART. Chap. IV. 

-paffcs Cake the nearcft diftance of that point to any parallel of latitude; 
find upon tht graduated parallel 12^ 8', on the weft fide of the firft me- 
ridian, and wkh another pair of compafics take its neareft diftance from 
any meridian; move both compafles, keeping the foot of the firft in the 
parallel of latitude, and the other in the meridian, till the other two feet 
of the compafles meet, which will be the place required ; obferving to 
move theconipaflibfffo that their points be parallel cither to a* meridian or 
parallel. Or it may be done as in the plain chart, by laying the ftrait 
edge of a niler acrofs the chart, parallel to ibme eaft and weft line, to 
intcrfedt the meridian in j2^ 17^ the given latitude; then with a pair of 
compafles, take 12^ 8', the given longitude, which fet off^ by the edge 
of the ruler, from the point where the ruler interfefts the firft meridian, 
this will give the place required, 

P R O B. II. 

To find the latitude and longitude of any place in the chart : This is 
only the reverfe of the former. 

JLet the latitude and longitude o^ Madeira be required. 

With a pair of compafles take its nearcft diftance to any parallel of la- 
titude, which fet off from the interfedlion of that parallel, with the gra- 
duated meridian and it will be found to be 32^ 17'. 

For the longitude, take its neareft diftance from any meridian, which fet 
off from that incridian upon the graduated parallel, and it will give 12^ 8'. 

PROS. IlL 

To find the bearing and diftance of any two places upon the charL 
ThcLCourfe is found in the fame manner as upon the plain chart. 
The diftances in this chart cannot be jne^fured, as on the plain chart, 
at once, by a fcaleof equal parts ; ibr a dejgtee of the meridian upon the 
,gl6be, is at all places equal to a degree upon the equinai^ial; and thuere- 
fore if two places lie in the fame meridian, their proper difference of lati- 
tude will be their true diftance, as in the following. 

E X AM P L E. 

Required the diftance from the Lizard in 50^ o' north, and o longitude 

to an ifland in 32^.117'. \ k\ - Uzard , 50® o? 

Lat. 50** o' 3475 merid. parts -J An ifland in 32 • 17 

.32^ 17^ 2048 iPro.dif.ofl^t 17 43 

JVf eridional difference of latitude f^ \j\x*j miles J *^o miles 

J. ' ' . * V- Diftance 1063 mUcs 
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: Now tho* the real diftance betwixt thefe two parallels upon the earth be 
1063 miles, yet upon the chart it is 1427; fo in this chart the diftances 
are not truly fet down, except the places lie under the equinodial, but there 
ijs a certain method of finding the true diftances, by thefe laid down in 
the chart} which admits of four different cafes. 

C A S E I. 

If the two places lie under the fame meridian, then the proper diffe- 
rence of latitude turned into miles, is the real dUlance, as in the afore- 
&id example.^ 

CASE IL 

If both places lie under the equinodial, then thediftance is truly mea- 
fured upon the equinodial. 

CASE III- 

To find the diftance of two places lying in the fame parallel of lati-, 
tude. 

In all Mercator^s charts there is a diredion how this is to be found, but 
when the places are at any confiderable diflance, it will be very errone*. 
ous, as will appear in the fi>llowing example. 

E.X A M P L E. 

Let the two places be in the parallel of 50'' o', and their difference of 
longitude 42 degrees, \/hich is 2520 miles^ and is the real diftance betwixt 
them upon the chart, when meafured upon the equino<ftial, or gradua-^ 
ted parallel; but their trite diftance upon the parallel, is 1620 miles^ 
which will make 42 degrees of the parallel of 50^ o.^ tho' it wiill take 
S520 miles to make 42 degrees upon the equinodial, for R : fine of 40 
: : 2520 : 1620; fo the true difbince in the parallel is 27 equinoctial de« 
grees. 

The chart directs to take the diftance betwixt the two places with a 
pair of compares, and apply it to the graduated meridian, in fuch a man- 
ner, that one foot may be as many degrees above, as the other is below 
die parallel ; the degrees intercepted between the feet of the compafies, 
allowing 60 miles to one degree, will, according to their direction be 
die true diftance in the parallel ; fo that 2520 miles taken upon the equi« 
nodial, which is the real diftance upon the chart, (hould reach in the 
graduated meridian from 36^ 30', to 63° 3o'> the one being as much 

I i above 
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above, as the other is bebvr the naraUiel of 50^ oS for tlid tine diftttce 
in the parallel is 27 degrees^ the naif of wfaicfa^ 13? 50^, . being adhded t« 
50, gives 63^ 30', and fobtraded from 50* givcs^36* ^t/i biitttfae<KU 
ftance betwixt thefe parallels upo» the chart: is 2617 eqoinoaiai^mie% 
as by the operation^ which will occafion an etror:of<997.mil9S«. 

^3^ 30' 4972 mendipnal pjirts 
36^ 3<^' ^355 ^ 

26i7dtSbr4ned* 

To remedy this, itiftead of the fbrmer take the f61to«^in]fTHeth6d'. 

Rule. Open the compaffes till one fopt- is balf a degree upon the mttU 
dian below, and the other foot half 'a d^ree aiove the parallel of latitude^ 
count bow many times than extdnt is doatained ttetwixX the 'tv«6( f4aOes, 
which will give the number of equinoctial degrees betvitixttbem/: and liml4 
tipHed by 60, it will give the true diftance in miles betwixt thefe two 
places upon the earthy if talSdit in thetpaftUdi vfkich tho' not the neareft^as 
was before obferved, yet is the fliorteft that can be made by fteerine upon 
one pomt of the compals r In the fblBwhig- operatitm We^ftxkH fie how 
near this comes to the truth* A degree .upon the graduated meridian, it 
the paraflel of 50^ cr', fliotrid be edtraf t6 the fecantx)f 50 degrees, fup:^ 
pofing^the taditft to be* 60 miles-} ttien R : fee* 50^ 1 r fro : 93.34? 




Lofgaricbm. 

Sec. 50^ 10.19.1932 65338 

6amiles 1*778151 i86w 

93^J4t«ile*?47^^ ^5^^' 

c A » B m 

When the two places differ both in latitiideand longitude^ to fiadiheir 
dil^ance. 

Rule. I ft. Lay the edge of a ruler to touch the two places, 
2d. Take their proper dilF. of latitude^ With' a pair ot ii6mfa£SiS^ VLpon 
the equinodial^ ^PP^y ^his diftance to the edge of the rubi^ fo that wsieii 
one foot is placed clofe to the ruler^ the other foot may jinft iboudi fome 
eaft and weft line, crofted by that edge of the ruler 3 aad thcM ftaj thb 
compafteSy the diftance by the rulei;'s edge» from the place where the 
compaftes refted ; to that place where the ruler crojBTeth the aforefaid eaifc 
and weft line meafured on the equiAO(fUal| gifes the true idiflanoe* 
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EXAMPLE- {PlateXm,) 
Let the two places be (he %izard and Madeira. 

Lizard $0^ o' 

Difference of latitude 17^ 43^ 

The ruler being laid upon the two places, take the difference of lati- 
tude 17^ 43^ from the ,equino<ftial, and when applied to the ruler as be- 
fore direded^ one foot of the compares will be in the point b^ when the 
other will juft touch the parallel of 50 in the point c\ fo the diftance 
fcotai to the Lizard^ meafured on the equinodial, will be near 20 de- 
grees, is 400 leagues, the true diftanoe from the Lizard Xo Madeira i and 
the courfe S. S. W. almqil half W 5 the diftancp wojild be. the fame, if 
the difference of latitude were taken from the point L, to touch the p$i- 
rallel of 60 in H 5 for then L M would be the diftance. 

It mufl be obferved that by the diflaoce is meaot, that which is made 
on the rumb line from one place to another, which will not be the neareft:. 

P R O R IV. {PhteliW). 

The courfe and diftance given, sMo thp :l»tii»de failed frofq,,|Q fii\d 
:the differenoe of latitude, depasture, aod dtfereQ{:e of lengitu^e. 

The difference qf latitude and dt^>iuture axte found exactly as in the 
;plain chart, which we omttted there, fudging it properer to lA^rtit here. 

Let the place failed from be A, in the; latitude of 39^ o^ north, and the 
-courfe N.E. b N. 192 leagues. 

Rule. Firft thro' A, draw a meruiian and parallel of latitude. Secondly, 
'With the chord of 60 degrees, defcaibe an arch, on which iet off three 
« points, (he given courfe; and draw the line A H> which noake igz leagues, 
the ^ven diflaoce. Thirdly, From H let fall to. the line A C, the per- 
pendicular HP. A F meafured on the equinoctial, or graduated paral* 
lel, will be 160 leagues, the difference of latitude ; and H F meafured 
-on the fame, will be nearly 107 leagues, the departure. 

This may be done without delineating the triangle thus: Firfl, lay .a 
raler thro' the given pUoe A. parallel to iome N. E. b. N line. Se« 
. condly. Lay off 192 leagues by the edge of the ruler from A toH. Thirdly, 
Thro' H lay the ruler parallel to an eaft and weft line to interfed: the gra* 
duated meridian; the difbnce from the ruler to 30"^ in the graduated 
meridian, will be the difference of latitude, obkrving to ntieafure it upon 

. JA:z the 
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the equinodialy the diftance muft Ijkewife be fet off from A to H, in e- 
quinodtial leagues. To find the departure. Firft, With a pair of com- 

i>a(res take the nearcft diftance of the point A^ to any meridian. Secondly, 
ct off that diftance by the edge of the ruler, (now pafling thro' H, and 
parallel to an eaft and weft line) j from the point where the ruler inter-* 
fefts that meridian ; the diftance of that point from H, meafured on the 
equinodtial, will be the departure. 

To find the difference of longitude, it will neceflSiry again to remark, 
that if a fhip fail any determinate diftance upon any particular rumb, the 
difference of latitude and departure, will always be the fame in whatever 
latitude fhe is in ; for if the place failed from were in the parallel of 38% 
or 46^, the courfe and diflance the fame as before ; the difference of 
latitude would flill be 160, and departure 107, as in the triangle KLM, 
or O P R. 

Now tho* fhe alters her latitude equally in both places, it will not be 
fo in refpeft of the longitude. 

By the plain chart, when (he fails from 30*, the point H at which fhe 
arrives, will be in 38^5 and when fhe fails from 38% the point M a^t 
which fhe arrives, will be in the parallel of 46^ But in Mercator's chart, 
the point H is in the latitude 36"* 41^, and the point M in the latitude of 
44'' o^; fo that neither of thefe f)oints is the true place upon Mercator's 
chart that the fhip arrives at. In order to find the true place, produce 
the line A H, to interfed the parallel of 38** in the point K, produce 
alfo the line A F to G 5 K will be the place come to ; KG, the difference 
of longitude; H F, the departure; AF, the proper difference of latitude; 
A G, the meridian difference of latitude : But tho' K be the place the 
fhip is in, A K is not the true diftance, but it may be found by the pr©» 
ceding problem : When fhe fails from the parallel of 38^, the true place 
O, at which fhe arrives, is found by producing the lirie K M to O, in 
the parallel of 46"* o' : Produce alfo the line K L to N, then will N O 
be the difference of longitude ; L M, the departure ; L K, the proper 
difference of latitude ; K N, the meridian difference of ladtude. The 
difference of longitude in the firft, will be 388 miles; in the laft it will 
be 433, being both meafured upon the equinodial; this fhews the ne- 
ceffity of knowing betwixt what latitudes any departure is made, be- 
fore the difference of longitude can be found ; and that in order there^ 
to the firft thing to be done, is to find the departure, as directed in plain 
failing, and then the difference of longitude may be found as here direc- 
ted ; the reafon of which will appear by carefully examining the princi- 
ples by which Mercatir's chart is conflruded. For tho' in this chart, 
the degrees of the parallels of latitude are apparently equal to the degrees 
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of the equinoctial. Yet if they be meafured as dircfted in Caje 3. o£ the 
preceding problem, they will be found to retain the fame proportion to 
the degrees of the equmoflial in this chart, that they actually do upon the 
globe. Now the diftance of any two places in any parallel is their de- 
parture, and the diftance of their meridians on the cquinodlial, is their 
difference of longittide- equal to their apparent diftance in the parallel 
on the chart ; but when a (hip alters both her latitude and longitude/ thip 
departure cannot be faid to be made* either -in the latitude failed from, 
nor in that come, at was obfcrved before. 

Let us then fuppofe the departure to be made in that parallel of latitude 
that lies in the middle between the two, viz. in 34^. Now a degree of 
the enlarged meridian at this parallel is 72.4^ for 2207.8 is the meridio* 
nal parts to 34** 30', and 2135.4, thp meridional parts for 33^ 30^ j the 
difference is 72^.4', which multiplied by 5' 21/ (the degrees in the de- 
parture) gives 387 miles, or 129 leagues, the difference of longitude. 

This is what is called middle latitude Tailing, which tho* not Ari&ly 
true, becaufe the diflances betwixt. the parallels of latitude on the meri- 
dian arc not in a continued geometrical proportion, yet in a (hort run there 
can be no confiderable error ; wc fhall therefore in the next fcdlion wqrU 
the problems of Mercator's failing both by tlie meridional parts, and 
middle latitude. 

There are two lines on Gunter^s fcalc, one of equal parts marked E P; 
which may ferve to graduate the equinoctial ; to this is adapted another 
line marked Mer. which fcrves to graduate the meridian; and bv thefe 
Mercator*s chart may be conftruded. Now to find the diftance oetwixt 
any twd parallels by thefe two lines i as for inftance, betwixt the paral- 
lel of 30, and the parallel of 60, extend from 30 to 60 on the line Mer. 
meafure this on the line £ P, is 44 degrees) makes 2640 miles. 

SECT. IIL 
CONTAINING THE FURIOUS CASES. 

Of MERCATOR's SAILING. (PlateXIII.) 

HAving in the former fedion (hewn how to conftrudl Mercafor*s 
chart, and the ufe of it in navigation; we (hall now (hew how to 
11 that is neceflary for the mariner to know without the chait ; this 
is what is called Mercator's failing, which ptefuppofeth the knowledge 

of 
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rt^% MB«.CV^^TO R'4 SAILINO. Chap. IV. 
of plain iaiHng : The o{i}y doled ^of whichi U that by the plain char^ 
.the difference of longitude cannot be fbmnd, and tbo' Mercator'% chart 
fives the difference of longitude % the departure mufl: be firft iound bf 
the plain chart. 

P R O.B. I. 

The latitude and longitude of tvjro places being g^en to find- Aeir bca- 
ranee and diftance. 

EXAMPLE. (FArf^XKL) 

I demand the courfe and diftance from the Lizard to Madeira. 

Latitude N. Longitude W. 
Lizard ' 50^ ofV ©• o' / 50^ 0^3474 

Madeira 3,2 17 \ti 8 32 ij 2048 

merid. dif. 6f Jat, 1427 




Proper differ, of kt. 1063 3 728 difference of longitude. 



To. delineate this. ift. Find by the table of meridional parts the me- 
ridional difference of latitude 1^87, which, fct off from L.to /. 2d. At 
/draw a perpendicular to L Wi;On which fct oft the difference of longi- 
tude 728, and draw the line tin. 3d. Set off the proper difference of 
latitude 1062, &Qm ,L to 3. 4th. Draw the line b parallel to m I; 
i.^will be the departurpi L « the diflance ; the apgje iLmy the courie. 

The trianglesX / /», and Li by are fimilar ; ^therefore h 1:1 m::,L b 
: b by that is the meridional difference of latitude is to the difference of 
jor^itude, as the proper difference of latitude is to.the departure. 

As theineridioBal difference of latitude 1427 3,1544^4 

• Is to the proper -difference of latitude . 1063 3'0^5S3 

So is the difference of longitude 728 2.862131 

5,888664 
To the departure -54^-3 ^-734240 

By Gunter's fcale, the extent from J 427 to 1063, will reaqh from 7;? 8 
to 542 on the line of numbers. 

The departure being thus foupd, the courfe and diftance may be found 
by the 6th cafe of plain failmg; or without the departure, the courfe 
may be found by this proportion, as the meridional difference of jatitud/5 
is to the difference of longitude, fo is the radius to the tangent of the 
coqrfe. The extent from 1427 to 728, or from 10.63 to 542.3 ; jf taken 
on the line of numbers, will reach on tlie. tangent line from 45 to 27^ 2'. 
. See the Operation, -As 
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As meridional diffi of latitude 14717 3.154424! Prop. diflF. of lat. 3,026'533 
Is to the radit« or tangent of 45 lO.aoooDo / Radius 10.000000 

Se^ is th^ cfifference of longitude 728 2.862 y^r T Departure 12.73424O 

To tang, of courfe 27^ 2^ S.S.W, ^W. 9.707707 J Tangent 27** a'. 9-707707 

The courft bdng'thxis found, the diftance tna/ be found by Gt/^ 2. ^ 
P-/j/» Sailings Thus & C. of 27® a' R ; difference of latitude ii>63 : : 
diffance : 1)91. 

To find the departure by the middte latitude, add the two latitudes, 
the half of which fubtrad from 90, gives the complement of the mid- 
dle latitude ; theft R : &/ C ktkcdfe : : d^ffetence of longitude : departure. 

. Lizard 50.0 ^ As radius 10-000000 ^ 

Maderia 32.17 | js-to fine 46:52' 9.876S99 

Sum 82J7 >Diff:<>f long/728 2^862131 

Half 41.8 I Doparturt 548.2 2*738920 

Complemeot Aii'SzJ 
Bf GuHtirh feafe i th* extend from g^t t6 49 on the line of fines, wM 
ftkth hottiyz^ to 548 oil the line of numbdrs. 

The dificr^tciS betwixt the departure, by thi^ and the preceding, is oni- 
ly 6inileB, whkh ie^ fo fbiaily that it WiU make no difference in the dif- 
tance and bearings. 

The departure; may be fba&d: in the table of difierenoe of latitude and 
departure : Thus look for the complement ;of the iniddle * btitdde as if it 
were a given courfe, and for the difiFerence of longitude as if it were the 
diftance failed' on that courfe; the depaf tiire correfpondibg to that couric 
and diftance, will be the true departure required. Here the complement 
of the latitude is 49 neareft, which find in the table. But the difiFerence 
of longitude exceeds the difirance in the tables, therefore take 100 feveh 
times, and then 28 ; now againft 100 in diflance column, is 75.7 in the 
departure column; which multiplied by 7, is 528,55 to which add 18.4^ 
the departure correfponding to the dimnce 28, makes 546*9 for the 
whole depiMtutfe. 

The reafon of this is, becaufe, if in a right angled triangle, if the an- 
gle be made the complement of the latitude, the hypothenufe will be the 
radius, and the bafe the fine of the angle; but the hypothetHife may be 
called the di^nce, and the bafe the departure. 

P R O B. IT. 

Both latitude^ and departure glveni to find the difiFerence of longitude. 
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Rule. Find the proper and meridional difference of latitude, as in the 
former, and the proportion will be^ as the proper difference of latitude 
is to the merididnal difference of latitude, fo is the departure to the diffe- 
rence of longitude. 

EXAMPLE. (Plate XIIL) 

A fliip in latitude N. 49* io\ and 15* 22 'W. longitude, fails N. N. 
E. T E. till by a good obfervation fhe is in the latitude of 52^ 40'. I de- 
mand the longitude come to. 

Latitude come to 5 2. 40 3731 meridional parts 

Latitude failed from 49.10 3397 

Prop. diff. of lat. 70 lea. 3.30 334 merid. did. of lat. 1 1 1 leagues 

The departure by the tables will be found to be nearly ±2 leagues. 

To delineate this. ifl. Make the line a d 70, and a 6 111^ by any 
fcale of equal parts, and draw the perpendiculars i r, and J e. 2d. Make 
d ^.42, and draw the line a ^, which produce to r^ then ae will be -the 
diflance ; //^ the departure ; ^ r the difference of longitude; a d the pro- 
per difference of latitude ; ^ ^ the meridional difference of latitude. 

Note. This is by a larger icale than that by which the chart is made. 

As 70 proper difference of latitude . 1.845098 

J s to 1 1 1 meridional diftantce of latitude 2.045323 

So is the departure 42 t.623249 

To difference of longitude 66.6 leagues 1.823474 

By Gunter*s fcale ; extend fi-om 49^ 10' to 52 40' upon the meridional 
line : This upon the line E P> will be 5 degrees, and fomething more 
than a half, makes 334 miles, the, meridian difference of latitude : The 

Oer difference of latitude is 210^ the departure is 126. Then 
i. lit. Depir. Mer, di. lit. Dif. long. 

210 : 126 : : 334 : 200 nearly. 

By the middle latitude S C mid. : lat. : R : : dep. : D longitude. 

52^ 40' ^ As fine of 39^ 5' 9.799651 • - 

49 'Q I Is to radius 10.00000 

101 50 fum ' ^ So is 42 departure i i. 62 3 249 



50 55 middle latitude 

39 5 comp. middle .latitude^ 



To dif. of long. 66^ 52' 1.823598 



, By Gunter's fcale ; the extent from the fide of 39 to 90, will reach 
from 42, on the line of numbers, to 66- i-. - 

By 
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By the table of difference of latitude and departure find 39 degrees!^ 
and in the departure column look for 42^, agalnft which in the dis- 
tance column is 67. 

There are feveral other problems commonly inferted in Mercator'^ fail* 
ing, which we (hall omit ; for all that is neceilary to be known, is the 
latitude and longitude of the place, which may be had every day at 
noon; the latitude failed from the day before, the latitude come to at 
noon, and the departure made the laft 24 hours, are found as diredted 
in plain failing, and the difference of longitude by Pr^^. 2. of this ^ and 
the latitude and longitude being found, the courfe and- diftance to the 
port bound to, are found by Prob. i. 

And as to what is called parallel failing, it is in e&d the fame aa mid- 
dle latitude ^ for when a ihip ^1$ in any parallel of latitude, the latitude 
failed from, and that come to, are the fame, and of confequence, the 
parallel the (hip fails in may be called the middle latitude, and the di- 
ftance failed may be called the departure, by which the di^rence of lon- 
gitude may be found as in the preceding problem; one Simple will be 
Ittfficient to illufh-ate ibis. 

Suppofe two iflands in the parallei of 50^ 55', aod tiieir diftance in 
that parallel 42 leagues; required the difference of longitude. 

It i^ piain that Che d^nce here is die departure, wluoh being the 
iame as in the kft problem, the operatton tvill be exaAly ih» fame as in 
that I andif the^iffennccofioQgitude wtregi'vea, fuppofe'3' 2o', their 
<liftance in the parallel may be fouod by Pmh. I. 

In order to coicftnidt this gBomelridUly, let the ^U>be be fuppoied to 
be cot thro' the plane of the equiaoftial^ and the meridiaois and parallels 
of iatftude preyed orthographic^lly upon tbia plane ; thi equino^tal 
and parallels would be concentrick circles, of which the pole would be 
the center ^ the meridians would all be ftrait lines interfering one ano- 
ther in the center, and fo the radius of the equinodlial would be one 
quarter of the meridian. The radius of any parallel of latitude would be 
the fine of the complement of that parallel, or its diftance from the pole, 
and the fine of the parallel would be that part of the meridian intercepted 
betwixt the parallel circle and the equinoAialj this being premifed. ift. 
With the chord of 60, or fine of 30, defcribe an arch, or circle as in {Plate 
XI. Fig. II.) 2d. From any point H, fet off the given difference of lon- 
gkiKte-^/ leagues, to F, and draw the chord H F, and radii C F and 
C H. 3d. With the fine complement ot the latitude, viz. 39 degrees 
from the center C, defcribe the arch R M ; the chord R M will be the 
departure required. For the triangles C H F and C R M are fimilar, 

K k there- 
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252 of: MERCATOR's sailing. Chaf.IV- 
therefore C H, the radius, is to H F, the difFcrence of longitude^ at 
C R, the fine complement, is to R M, the departure. If you have 
no line of fines, lay off 50^ 55', the given latitude, by the chords from 
H, both ways upon the equinodtial, a ruler laid acrofs by thcfe two points, 
will interfed: the meridian C H in R^ and C R will be the radius of the 
parallel. 

Having the diflance in the parallel to find the difference of longitude. 

To delineate this, is only the reverfe of the former, ift. With thp 
fine complement of the latitude from the center C, defcribe the arch 
R M, making the chord R M equal 42 leagues, their given diftance in 
the parallel. 2d. With the fine of 90, or chord of 60, defcribe from 
^he center C another arch, and produce the lines C R and CM to in- 
terfed that arch in the points H and F^ fo (hall H F be the diflfercnce of 
longitude. 

We have now explained the fundamental principles of navigation, and 
ihewn how to folve all the problems, and various cafes of plab, Merca^ 
tory middle latitude, and parallel £iiling, that are neceilary for keeping a 
reckoning; and as to great circle failing, it may be faid to be impra^i- 
cable, at leaft by any fea chart; for the arch of a great circle makes un- 
equal angles with all the meridians ; and how tp defcribe fuch a carve 
upon a chart, wherein ill the meridians are parallel to each other,, feems 
if not impofiible, at leaft fo difficult, that the benefit arifing from thence 
would not compenfate the labour; for, fuppofing it actually defcribed, 
there muft be a new invention to direct a (hip in that curve, for it caor 
not well be affirmed that it could be done by the compafs. We (hall 
therefore omit this, and proceed to the application of what has been faid 
to the a^al keeping of a reckoning, woich (hall be (hewn in the next 
chapter. 



CHAP. 



Digitized by 



Google 



CUAF. V*. 253 



CHAP. V, 

To find the Latitude and Variation of the Compafs by celefiial 
Obfervationy and how to keep a Reckoning at Sea. 

S E C T. I. 

ITo wcrk an Obfervation, and how to find the Zenith diftance by Davis's 
^drant. (Plate XI, Fig, IV. and V.) 

THIS inftrament confifts of two arches both drawn from one cen- 
ter H ; to conftru<a which, upon the pomt H raife H Z perpen- 
dicular to H O ; with the radius H S defcribe an arch S F, which make 
30 degrees; with the radius HG, defcribe another archGK^ which 
make 60 degrees ; number the great arch, beginning at its interfeAion 
with the line HO, to 30 upwards ; number the little arch from its inter- 
fedtion with the line Z H, increafing down to 60 ; fo that both toge- 
ther make yo degrees. 

It has three vanes, one fized immoveably at H, with a flit in it, this 
is called the horizon vane; another is fitted to move upon the great arcl)» 
with a hole, which muft be put to the obferver's eye, thro' which, and 
the flit in the horizon vane, the horizon muft be feen ; this is called the 
flght vane ; the third is fitted to move upon the fmall arch, it is called 
the fhade vane, becaufe the fun throws its fliadow upon the horizon 
vane : Thefe two vanes muft be fo (Jaced, that the obfcrvcr may fee 
the (hade cxaftly upon the upper fide of the flit, at the fame time that 
he fees the horizon thro* the flit, and counting the degrees upon both 
arches, their fum will be the zenith diftance. 

To prove this ; from the center H defcribe the femi-circle AZM O 
toreprcfent an azimuth circle ; A the horizon ; Z the zenith ; the fun. 

Place the fight vane at o degrees, on the great arch, and when the hori- 
zon A is feen thro' the flit at H, the perpendicular Z H, from the zenith, 
will cut the little arch at o degrees : Let the fun be at ; it is plain the 
angle Z H 0, is his zenith diftance, which meafured by the little arch, 
is 40 degrees, being the place where the fhade vane is placed : But be- 
caufe the arch will not admit of being divided into minutes, let the fhade 
vane be placed at 2 5 degrees, the inftrument muft be moved till the line 

Kk2 H 
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H © ; cut the little arch at 25 degrees, and then the line H O will cut 
the great arch at 15 degrees: Produce the line H S to M ; it is plain the 
angle ZH M, added to the angle M H©» will be the fun's zenith dif- 
tance ; to meafure the angle Z H M, draw the line H G perpendicular 
tp H S;^ it will cut the great arch at o dodoes ; the fight vane muft he. 
placed at K, to fee the horizon A, tbfo* the flit which wflJ be 1 5 dcgsees- 
on the great arch, but the an^OHO i^equtl ta the angle 2 KM, for 
the angles M H G and Z H O are equal, being both right. Therefore 
taking the angle MHO frdm both, this reipainings Z H M and G H O 
will be equal ; therefore the degrees on both arches being added together, 
wiU be the zenith difUmce, which being had^, the latitude will be found 
hy Chap. 11 Se£f. lit Proi. I ' ' 

The beft inftrument for taking the altitude at fea is HtrJiey's quadrant, 
but as there is a fmal) pftmphlet explaining the nature, ufe, and-^tfae the- 
ory on which that curious and u&ful inftriuneot is fbuiided,given gcatis|with 
it wherever it is fold ; ijt will b^ needlqii to give a defeuption of it here. 

After the latitude k tkos found by a good obfervaiioo, if it agrees witlv 
the latitude by the accQi^A it may be prefiimed that your longitude by 
account ia trise ; but if there be any confiderable diiferenoe, it may be- 
feared there will likewife be an error in the longitude ; to corred which 
there can be no certain rule, becaufe it is uncertain whether the error i$ 
in the courfe or diftaocQ j for it muft always be iuppofed, that the artift 
has given all the proper albwances in caflJng up the day 'a work, and 
frequently examined the log line and glaiTes, and likewife taken all op- 
portunities of examining the current, and comparing this with his former 
journals: If after all this the obfprved latitude, and that by account do 
not agree, the only thing that c^n be done, is to let the longitude go as 
by his account, or make a remark what the longitude would have been, 
povided the error was in the c<wrfe, and iiippofing the diftanoe true ; 
and likewife what the longitude would haye been, were the error in the 
diftance, and the courfe true ; fo that it may be prefumed one of thefe 
three may chance to hit. 

If a (hip be iailing due north or fouth, her difierence of latitude, and 
diftancc, will be the lame 5 and if they diiFer by obfervation, it is likely 
the error is in the half minute glafs, or log line, but if (he fails due eafl:, 
or due weft, (he does not alter her latitude, but if by the obfervation it 
is found fhe has made any diiferenge of latitude, there certainly mnft be 
error in the courfe, which may be owing to the fteerage, or the compafs, 
for the needle does not always point out the meridian, but varies fome- 
times to the eaft ward, and fometimes to the weftward of it ; and this is 
what is called the variation of the cooipais, and mufl be found before the 
courfe can be correded, SECT, 
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S E C T. II. 
Tofndtie Fariaiim oftUCQMPASS. 

WHEN any heav€n)v objea, as a ftar, or the fon, is in the hori- 
zon, the point of the compafe that it bears upon may be had by 
fights fitted to the common compafs^ and by an azimuth compafs the de- 
. grecs may be found, that the obje<a is diflant from the eafl, or wefl points 
df the horieoD; this is called the magnetick amplitude, and if this agrees- 
with the true amplitude, there is no variation; fb the true amplitude 
mufl be found either geometrically, or by calculation. 

It was (hewn in Gfr^. II. how to do this geometrically ; and to do this 
by calculation, the following problem will ferve. 

P R O B. I. 

The latitude of the place^ and the fun's declination given to find the 
amplitude. 

EXAMPLE. 

r:«r^« Latitude 28** i6'K 

^^"^ Declination 15 24 N. 
The proportion is 

As the fine of 61^ 44' the cornp* of the latitude 99448 54 

Is to the radius - - - - - Fo.oooooo 
So is the fine of 15^ 24' the declination 4-9.414156 

To the fioc of the amplitude 17® 33^ 9*479302 

By this it appears that the fun then rifes E. b N. ^ N. nearly, but if by 
the cotnpafs it bears E. 4- N. there will be a point variation to know whe* 
ther the variation be eafterly or wefterly, take this general rule. 

When you are looking to the fun to take the amplitude, if the mag- 
netick be to the right hand of the true, the variation is wefteriy, as in this 
cafe 5 and to re<ftify the courfe fleered, there muft be one point taken to 
the left hand, if the courfe fleered be N. b E. the true courfe will be N. 
which ftiews that the north point of the compafs is a point to the weft- 
ward of the true north, but if the magnctick amplitude be to the left 
hand of the true, then is the variation eafterly ; and in correfting the 
courfe, the variation muft be allowed to the right hand of the courfe 
fleered. 

DE- 



Digitized by 



Google 



256 ' Of (be FariatiM 0/ the C MP A S S. Cwaf. V. 

D E M O N S T RAT I O N, 

Of the proportion for finding the true amplitude fee Plafe XI. Fig. h 

Let P O be the given latitude, P Z is the .complement; thro' P draw 
P^ parallel to the horizon H O, jdraw the parallel of declination E X, 
to interfedt the horizon in X : C X, will be the fine of the amplitude ; C x 
the fine of the declination, and P p the fine complement of the lati« 
tude ; the triangles P ^ C^ and C x X, are fimilar, for the angles at p 
and X are both right s the angle at X is equal to the angle PC^, being 
each of them the complement of the latitude 5 therefore Pp the fine 
complement of the latitude, is to P C the radius, as C x the fine of the 
declination, is to C X the fine of the amplitude. 

When the fun is rifen any confiderable heighth above the horizon, it 
will not be eafy to find its true bearance by the compafs, but, if it is with- 
in I o or 1 2 degrees of the horizon, it may be had by an azimuth compafs. . 

The fun's azimuth is an arch of the horizon, contained between the 
fouth or north points of the horizon ; and an azimuth circle pafiing thro' 
the center of the fun to find this geometrically was (hewn in Cbap. II, 

And to do it by calculation the following problem will ferve. 

P R O B. II. 

The latitude of the place, the fun'is declination, and altitude being 
given, to find the azimuth. 

EXAMPLE. 

Latitude 28^ 16' N. declination 15^ 24' N. altitude 9^ 3'. 

Rule, id, Take the complement of the altitude j the complement of 
the latitude ; the complement of the declination 3 and add thefe three 
together. 2dly, Take half this fum, from which fubtradl the comple- 
ment of the declination. 3dly, Take the fine of this remainder, and the 
fine of the half fum from the logarithms. 4th!y, Take the fines of the 
complement of the altitude, and the complement of the latitude from 
logarithms, and fubtraft each of them from the logarithm of the radius 3 
tl)e remainders will be the complements arithmetical of thofe fines. 

Now thefe four muft be added together, viz. the complement arith- 
metical of the fines of the complement of the altitude, and of the com- 
plement of lattitude, and the fines of the half fum, and remainder. Half 
the fum of thefe four logarithms is the logarithm of the fine complement 
of hilt' the azimuth required. 

88^ 
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Sect. H. How to keep a RE CKO NING. ' 1^S7 

80® 30' Comp. altitude comp. arithmetical of the fine 0.00599^ 

61 44 Comp. latitude, comp. arithmetical of the fine 0.055146 

74 g6 Complement declination 
2 16 50 Sum of the three 
108 25 Half fum; from 180 remains yi^ 35^ Sine 9977167 

74 36 Complement declination 

33 49 Remainder - . .• w Sine 9.745 494 

Sum of the four T9.783804 

38** 46' Is the comp. of 5i'*i4', of which the fine is4 the fum 9^891902 

77 32 The fun's azimuth from the north 

Note. If the declination be ibuth, and latitude norths and the contrary^ 
inflead of taking the complement of the declination you mufl add 90 
thereto, and proceed as before. 

The demonftration of this problem depends upon the doiftrinc of 
fpherick trigonometry; for here arc three fides given, viz. the comple- 
ment of the altitude, the complement of the latitude, and the fun's di- 
fbnce from the elevated pole ; this laft will be the complement of the 
declination, virhen the latitude and declination are both north, or both 
fouth ; but if one be north, and the other fouth, 90 mufl be added to 
the declination ; the three fides being given, the angles are found as in 
the preceding operation. 

Having thus found the true azimuth, the magnetick is found by ob- 
iervation ; the fame directions as were given in the amplitudes, will ferve 
to know whether the variation be eailerly or wefterly. 



S E C T^ IIL 

jffaaf to keep a Reckoning at Sea in order to knew at any time 
the Latitude and Longitude the Ship is in^ and the Cdurfe 
and Difiance to any Port^ 

3"^ H E regular method of doing this, is by keeping an exafl account 
of the various courfes, and diftances failed in 24 hours ; for which 
on the log is hove every hour, and the diftance and courfe fet down 
in proper columns, in a book provided for that purpofe, which is called 
the Ic^rbook^ ruled and column'd as explained in the following pages. 

In 
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In the firft column^ at the head» is H for hours, under which are fet 
down the hours ; the fecond has K at the head» in which are fet down 
the knots run out at every hour ; the third column has F at the head, 
in which are fet down the odd fathoms at every hour; the fourth has 
courfe at the head, in which are fet down the courfes corre^onding to 
the hours ; the fifth has winds at the head, in which are fet down the 
fhiftings of the winds ; the fixth has remarks at the head, in which is fet 
down what fail is earned, and the weather, which are two things very 
necefiary to be obferved ^ for if it blows hard a (hip cannot make good 
the courfe fteered by the compafs. 

In fome fhips the log is hove once in two hours, and fet down upon 
i board, from which every one that keeps an account, tranfcribe it into 
his own book, and then reduces all the different courfes into one, and 
finds the whole difference of latitude and departure made the lafl 24 
hours, as directed in plain failing, and the difference of longitude by 
Prok II. of Mercatar*s. 

Tho* this account be kept by the greateft care and exaftnefs, there 
will often be very great errors difcovered in the latitude, by good obfer- 
vations ; and in the longitude when any known land is made. 

The occafion of thefe errors may be attributed to thefe four following 
caufes. rfl. If the log line and glafs be not duly proportioned to one a- 
ncther, there will be an error in the diftance; for admitting tfte glafs to 
be only 29. feconds, and the line right divided, the fliip would be a head 
of the account the 30th part of the diflance ; for there is only an account 
taken of what (he runs in 29 feconds, and what flie runs in the 30th is 
omitted; but if the glafs be true, and the line (hort divided, the account 
will be a head of the fhip ; for fuppofing the 1 20th part of a mile to be 
50 foot, and the fpace between the Hoots to be only 45 foot, it is plain 
that every 50 leagues ran -by the account, is only 45 ; fo that the fhip 
muft run the i oth part of the whole diftance, more than by the account, 
before (ht makes \he land. 2d. Is Owing to the variation ol^* the magne- 
tick needle, which does not aKvays point out the merrciian; this will oc- 
eafion a great error in the courfe, if the variation is not known, anl allow- 
ed in the courfe. 3d. Is owing to the lee-wsy a fhip make; for tvhen 
a fliip fails clofe by the wind, (lie does not make good the courfe fteered 
by the compafs, but falisto the leeward of it, more or fefs acct)t3ir^ to 
the fail (he carries, and the heighth of the fea. 4th, Is when there is a 
current ; for when that fcts upon the fame rumb on which the fhip h fteet- 
cd, her real diftance will be more than by the log ; and tf it ftts ti|>on the 
oppMte r-umb, it Will be lefs;, and- if it fct^atWaft tHe^flilp^ way, -It 
will occafion an error both in the courfe and diflance. 
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Sect. Ill* L^ on hard the Sea-HorsE) Mm Dom. 1738. 23^9 
K, I F. Courfcs. { Winds. Remarks, Saturday, May 27, 1738 , 

Uzard 50° o' north latitude, and o^' o 



I 

z 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

i 

2 

3 

4 
5 

7 
8 

9 

>P, 
II' 



5 
6 

7 
8 

7 
6 

5 
5 

4 
4 
4 
5 
5 
5 
•5 
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I 

6 
'6 



4 
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S.W. 



S. S. W. 
S.W.bS. 



N.bE. 

N. 
frdhgkle 

N.bWv 
N.N.W, 

R W. 
N.W.bW. 
W^N.W. 



W.bN. 
N-W.bR 



longitude. 
Uzard N. W. 4 leagues diftance, fine 



4 league 
ICi and p 



moderate gale, and plea&nt fair wea- 

ther. 
Handed all our finall fails, and reeft 

boxh top-fails* 
A great feg from the N. W. 
Double reef M.T.a and handed. F.TS. 



Prizling rain. 

Set fore top-fml. 

Fine clear weather, out all reeis, and 
kt the fmall fails. 

At noon clear weather, had a good ob*' 
fervation. ' • 

Zenith diflaoQp - %s^ 9' 
DeciUiation 2z 47 . . 

.Latitude come to 4756 



Courfe, Dif.l S, 



s;i6W. 



124 



118 



31 



Courfes corifec.' Dif 
Sr&W^W. ; 46 



CatTby LaSTEy 
accfount obferva 
48^ 2^7^56^ 



Uiff.vo^Lon^. VaHal- ' 
longi. cometotion 



O^J^I 



' « >i 



lypoint Lizard 



Wcridio. diltance. 
33 miles from the 



& E. W. ? Latitude by obfervadon 
6:2; id:3.~ \y Latitude failed from 
351.5 fo.o 23.6 



58.4 OiO !W5k9 

14. ^ 0.7 <p.o 

il8.i{ ii.O 44.^ 
ri.o 



Middle latitude 
C^ middle 'latitude 



Lad. failed fippi 
Difitrence oit lat. 
Liadtude come to 






Pif. 



47^ 56' 

go 00 
97 56 

48 58 
41 02 
90 00 
of long. 

5^ 



v5^ P^ 

48 02 



fertn< 



FTERthe log-book is thus copied, the next thing to be done 
_ is to reduce all the various courfes into one, fo that the whole dif« 
ncc of latitude^ and the whole departure may be found : this is what 

LI 
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26o yq WORK A DAr^sW'ORK. ^^ai^. V. 
fs ipajlpd working a (fe^'s wori:. Ii^ yrd er to whjichy it null be prd{ter to. 
make a traverfe table, upon a* fl^te ^v wafte paper, as directed in plain 
£uHng. Bi*t; \t muft be ebigrved t^q courfes mvift be corrcdled, by al- 
l^»#>g. fof vajriajtijpft a^ le«r:wfay. Ntow^ ^ 9ifir accoaptis to beriij fno^ 
the Lizardy we muft fuppofe.tfe^ (hip to ^1 §• E. from it, to the! plaQe 
ilia ivaain.ai^,: wheat it IhbraN^W. ^isAhtto^tik there is onp poinjt, aiifl 
V variation, the courfo correfteAwill ^ & E. b ^. ^ E. The ne3(t .cour^ 
%exed js S. W. atfowJhg Vftrfation, ipafces Si S. W. 4 W. but vMhpn tite 
wind came to W. N. W. I aHow r pqint Ice-wayi, makes it S. b W. t W. 
when the wind comes to weft, (he iiep only S^ &. W. and allqwing fcr v^^ 
nation and lee- way, (he makes only Sj. ^ E*. cburf^ ; the laft qourfe fteeretf 
is S. W. bS. the wind b^pg.lgfge, n^ak^^^ lee-i-way, allowing th^ vari- 
ation ; true courfe is S. b W. \Yf. The cour(^s boing thus' cprredted^ 
againft the firft fet down* t2:-fBilflSi the diftance from the Lizifird*, againil 
tfao-next^is 46, being! what the ihip hascuaby t|ie lOg ^omi } to 1^1 ; %- 
gainft the next is $2^ being wtiM Oi? hasirun fi-pm 11 to 21;^ anc^ frooa 
5 ^o poon ; againft. S. 7 E. Js 14 mije^, what (he failed from 2 to:^; Wt 
mky then fkid the proper -dSiKr^nte* of latitude} and deparQure ta each 
courfe, b^ the table ; the ftini of the fouthings is ijiS miles, tjiat is i^"* j|8^ 
and beca,ti.(e^e latitude is de;crea(ing, this muft.be fubtradjed from the, 
latitude q^ib^ L^^^4^ w^cli makesjthc latitude] by accounti 48'' a.', bijt; 
by obfervation 47° 56' j the whole wffting is 44J5, and eaft{n^ is i i^ (0^ 
the d^parturc^^ 1% 33.5. wej(t. ' ii^njct'by: this;,^^^^ fiwt the Uiflmci^-cof loiKp : 
tiidCf ^^ii^Mi^^ and th^icpmci to^ into one,| and fulU 

tra<fl half that fmpi fix)t& 90, did reii>ai(ider is 4.1^ a/». tbd cpinplewoint; 
o£ the cpiddle latitude, /^inlook. in. Hie t^ble of di^S^^ncp, qf l$i(i(|ii4«^ 
and departure for 41%^ and IbQkfbr.therdepfi:ti]re^^.5,'in theporc^or QO-f 
lufQn, againft which, in the diftance col^mn^ is |i^,,thedi£Ferenc« oflon-*^ 
gitude. To find the latitude by the obfervation, look for the decUnatioii' 
correfponding to the day of the months which k Z2? 47/, added b^tlie^ 
zenith. dbftance 25^ 9', makes 4^^ 5j6^. After finding the whole dific- 
rence qf latitude and departure, xyes^nit tbe numbers exceed thofe in the 
tables, I take half of each, which^I fiild in the column correfponding to 
16^ againft 62 di(iance, which doubled, makes 124, as in the operation 
under the logs the like procefs muft be ufed tvttj c^y at mx^; 

If. 
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S«c7* 11^ Lcjg M iofrd the Sba^^orsb, Anno Dom. 1738* 261 

Remarks, Sundays May ^Sk 1738. 
Moderate ^atei «fia fine plca&ot i^irea^ 
thd-. 



Little wind *with fmall dfizling ma 
Tried the current ^ 

Found it & S. W. oni mile in w 

Frefli gales, handed all Our fnHall fiiilii 
At noon clear, zenith diftance %2^ 48^ 
Declination - . - , a2 53 

Latitude by obiihHratSob . ! 45 41- 
At fun rifing, bjT a gciojd obJTd^aiioh, 
amplitude *il*> i^'i ii ordtrto ftfid 
the true junphade, find whit diflfb- 
ttttctcf bfmide the dii^ niade ^otn 
fun rifingj till oooit. 
Courfe corr^ftedS, b W. dUbhcc ft^ 

difierencd of latitude ^8.7. j 
Latitude at noon -^l 45^ 41^ 

Diffe. of lati. lince fun rilpig i 9 
Latitude at fun rifing ! 46 \ ^d" 
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Courfes. 
S.W4)W, 


1 Winds. 
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II 
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- .' . , ■ 



12 

SiS 



S. W. tS' 16.2 .j6^ 

,•; S.W.b^. 13 10.8 7.2 

V S.b W. '87 85.3 17.0 

Coit^ . f,§»-j?.Wr 24 _23:5 4-7 

Cour,g90cf$.i8*Wri44 135.9 4-5'* 



Ladtu(!e ycfljerday ^ noon 
This day - - 



Middle latitude 

Comp. of niiddle latitude 



47"' 56' 

45 41 

93 37 



46 
43 



48 

12 



D^rees. 
43 



Depar. 

45-3 



.4*:"' 



Dif. of long. 
62 
Liz 



^ tp radius -' ' - . 

Sipc of declin*%i 22*^' 53^ ^^ii22£JJt 

SiB? of ™)UttK^ 34 3^ :'^yf^^ 



i^00Q09 



Magnetlck 
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F. I Courfes. 



4 
3 



b. W. 



Winds. 
N.bK. 



261 X.^ on hard the ^EA-HokiSt AnnoDom. 1738. Chap.V. 

Rbmarks, Monday, May 29, 1738. • 

Frdn gales and doudy moft part of 
thefe 24 hours. 

Found the fun's azimuth by a good 
obfervation 75° 30' afterthefun's ri- 

■ fing; his altitude was then 9° 40'; 
the true amplitude is 67*' 4', which 
makes the variation 8** ^6\ as by the 
following operadon. 
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6 
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...8 

9 
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Courfe-IDir. 
S; W. I168 



S.W.bW. 



.Thelati- 
tu^^ at the 
time of ob- 
fervation 
of the tai' 
muth 



Cloudyjno 
obfervatk 



r 

N. N: W. 



ii8}m 8 

Courfes correftcd. 



Lati. by 
account 



43^43^ 



Com. alri. 80® 30O Ar. com. 0.005997 
Com. lat. 45 34 jOf fines 0.146262 
' Com.de c.6fr 2 

Sum 193 .6 0.152259 

Half fum 96 33 ! 

Supple. 83 27Ueir fines }9§97i56 
-fumlfu Com.dec. 29 313 39 092502 

Sum of the logarithms 19.841977 
Half i 9.920988 

Sine com. h^lfazim. ; 56° z8' 
Complemei^ ' 33 3^ 

TnieaamuthfixxntfaeN.67 4 
Weft varia^on 8 26 

aatQUth 
Diffe.or 



Lad. by 
obfetv. 



S. W.bS.^ 
S. Wl dift. 



W. 



Dift. S. 

45. 36.1 
123 82.0 

rte 118.7 



W. 
26.8 
91.2 

118.0 



lon». 



Longi. 
come to 

ilia! 



Variari- 
on. 
i|. point. 



75 30 
Weridio. diftancc 



from the Lizard. 
3" '6^ 



Points. 

' 4 



4^Depar. 
. 59 



Ladtude yefterd^ at noon 
Diffe. of kd. thefe 24 hours 
I^adtude come to 
I«adtude l^ed from 



ftfiddlekdtude 
Qmop. of middle latitude 



45* 

z 



4ii 

58 



■^Dif. of long. 
83 
a 

I8f. (^loog. 16^' 
120 
a»4Sr 



43 
45 



43 
41 



89 *4 

44 4a 

45 «8 
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Sect. III. Jimmatttt board the Sea-Horsb^ Anno Dom. 1738. t6l 

The preceding three dzy^ will be fufficient to (hew the manner of 
taking ofF and working the log, as the operations for finding the lati- 
tude by the zenith difbmce, and the variation of the compafs by an am- 
plitude and azimuth, are there fet down at large. We have alfo fhewn 
how to corred the courfe, by allowing for Ice^way and variation, and 
how to account for a current. After working each day's work in the 
log*book, they may from thence be transferred into a journal) the form 
of which is hereunto annexed. 



Jmmai of a Voyage^ intended by God's ajjijiance^ in the Ship Sca-Horfe, 
Jrom London to Jamaica, under the Commando/ h. B. in the Tear 1738. 
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S. x6«W. 



28 



\> %9 

The 
week. 









1*4 



S.i8«W. 



S. W. 



168 
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Oo' 



48<'2 



O Anl 



43" 43 






47" 56 



i4445«»4o'45*»4i' i» 53' i» 18/ 



t 



o« 51' o* 33' 



4" 39', 3° 16' 



Bvazi NE.E.toN. 
8^"^N.W.frerhfd<« 
wA. cloudy. ' 

following' charaden «ure genecaUy ufed to exprefi tne dt^ of the 



I 



By am. 






Ycflerday at 
3 P. W. li- 
«tfr^, N. W. 4 
leagues, the firft 
i^pointpart frefli gales 
and a great fea, 
the latter mode* 
rate and clear, 
N. to W. 



N- R to S. E. 
frtSh gales, and 
clear the httor 
part. 



QSuMdayi iM09dayi STuifdayi ifFidne/da;, %Thtrf4ayi %Fridty\ JtSa^ 
turday. 
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«64 . Chap. VL 

8 E C T. IV, 

Of the Moojfs Age^ and ^imt ofWgh Water. 

FROM what has been iaid^ it is plain, diat if tiie acoouAt cf llie 
journal be true, the ihip will arrive at hex defigned poit^ bf fteer* 
tng fuch a com'fe as the journal direds, aixl in order to fail idtg the h«r«^ 
bour^ if in a tide way^ the mariner (hould know what time it will be liigh 
water; but as this is governed by the moon, it follows^ that to attain this, 
the firft thing to be dome is, to find her age. 

If the months all contained an equal number of dayts, and the change 

^ the moon was always on the la» day of every moiHh) the^day-of -tiie 

moon v^ould then be the fame with the day of the month, an4 wp flic«ild 

have e^adly twelve ccnnpleat n[K>ons every year ; but it has •be4n found 

by a long feries of good obfeyvatipns, that every year cpntain$ twelve 

compleat moons and eleven day^ more, vciy nearly, fo that if tike moctfi 

•happens to change any year the lajft day of Decemiir^ it will be eleven 

4ays paft th^ change on the lad day of the Dicember following ) and 

twenty-tvro d^iys aftet the change, the fuccteding year, and the third jiear 

it wiU be thirty-three, days ; ^ut as there are but 29^ days from the change 

of the moon till it changes agaip. it i$ plain that in three years time, 

which cpntaiji 36 months, we (hall, have 17 compleat moons, s^nd three 

days more ; lb that the mqon will; be, 04 the laft day oi Decmberi in 

the thir4 Y^i% 3 days after the chinge 5 4nd on the fourth it will bej 1 1 

days mcffp, that is, the laft day of December will be 14 days after Ithe 

change. Now it will be very eafy to find the moon> age any daiy ef the 

month provided the pioon's age be*known|the lalb day of the prece<^g 

year, our firft bufinefs then (hall be to flxelv how thl$ is fottnd. 

* As every year contains 12 moon$ and iii days, every three yiears tv^iJl 

contain one whole moon more than, months, and ihree days morq, fo that 

18 years will contain fix whole moons mqre than months,' and 18 d&}S 

mone^ that is to f^;^, if the- moon changes on the lafli day of December^ 

it WiSl-bein x&yeafs. afterwafds,>8 days ^aA ike ehtoge on the laft day 

of December y and the year foUowi^ig, wst the ipth tear, it w|ll bei 11 

^^% nrarb, w^icb.imkcs :2^.^f%^ fuA dus fadfig^ a viKfedoon; ibscept 

half a day, we Ihall have new moon fome time of the laft day of De- 

afifhp9 y £^ t|)9t ai thcetpiraftioiL of J9 ytuxa th^ now aod it^ moons 

happen on the fame day of the fame month they did 19 years before that. 

This revolution of 19 years is called the lunar cycle, or the Metonic 
CTcle^ firom its autibor Meton the Athenian. The <new noioon, or the change, 

Was 
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»«CT. IV. OP ^Ht Md&N^i ACE. 265 

Wa» on dfie bit diky t£l>kefHhr\ twcy ytet^ before the birth of otir Sa- 
viour, fb th^t every* nnietteenth yestt ftatn that tktie the moon changed 
on the laft day of December^ and the year of our Saviour's birth was the 
fecond year of the cycle. Hence it is manifeft, that if we add i to any 
year fince our Saviour's birth, and 4ivide the fum by ipi the quotient 
will £hew how ctiany cycfes have pafl: fince its firft comniencement, and 
tfa^ remainder will mew w^t year of the cycle that is^ Whieh is called 
the golden nuoibcr» or prime for that year ; it finds the the age of the 
moon on the lait day of the preceding year^ or the nuiliber of days paft 
fince the new moon ; this number is called the epad, and fince the e- 
pad): of the firft year is ii, of the fecond 22, of the thire 3, and fo on 
odnftantly increafingp by^ i it, aa^ was beforr obferved, it is evident that to 
find the efad: for any yew w^ mnft multiply the golden number by i r^ 
d»3 produ£k if lefi than ^o wHl be the epad for that year) if it exceed 30 
divsk it hy jo>. and tberemaindM w^ be the epa^t. 

EXAMPLE I. 

JSLequir^(t the Epagf fir ti^ Tear I'^^o. 

Firft find die golden dmmber by the preceding rule. 
To the year 173a golden number 2 

^^ 1 multiplied by ii 

divide^bf 19)^7^1(9^^ ; pcodu& ia tke epaft 2^ 

gulden numbei 2 

fii X A M P^ L E It 
Repiireti the. EfaSf fvr thi Jt^ar I744» 

I 11 



19)^745(9^ 30)176(5 

1729 156 

16 gddsn. number • 26 cpuSt 

Now as the ppa£^ e^^>refies the age of the i&oon en tlie Jaft day o£ 
December, it is plain (hsx if the moon changes on that day in any year,. 
it will change on the 20th a£ December the next year, becaufe on the laft 
day of December it will be 1 1 days paft the change ; but if this 20th 
day be called the jift, as was the cafe in the year 1 7^3, when theftyle 
was altered, it will make an alteration in the epadt of 1 1 days : There* 
fore to find the epadt fince the commencement of the new ftyle, we muft 

divide 



Digitized by 



Google 



266 OF rHE MOON'S AGE, Chap.V. 

divide die year without adding i to it, by ip, the temamder will be the 
golden number^ which multiplied by ii will gi?e the epa^ .as 'before* 

EXAMPLE III. 

Required the EpaB for the Year 1754., 

19)1754(92 golden number 6 

171 multiplied by n 

44 produft 30)66(2 

j8 60 

6 golden number epaft 6 

It is plain if the moon changes on the laft day pf any year, the digr 
of the moon will be the fame with the day of the month in January 
following till the change ; and becaufe the time betwixt one new moon 
and the next is 29 days ^nd an half, the 30th day oi January will be the 
firft dav of the next moon, and the firft day of February will be the third 
day ot the moon, and confequently if we add two to any day of the 
month in February that year, it will give us the day of the moon ; now 
as in conunon years February has but 28 days, if to this, 2 be added, it 
will make 30, which is half a d^y more than the moon contains ; fo that 
it will change on the laft day of February^ and therefore the firft day of 
March will always be the feme day ot the moon that the firft day of 
January is, and the firft day tX^ Aprils the fame as the firft day of Fe- 
bruary (except in leap years, when one day more muft be added to the 
firft day of March\ for if the moon changes on the laft dav of February^ 
it will change again before the 30th of March, and fo the firft day of 
Ajf>ril will be the 3d day of the moon, and the 27th day of April the 29th 
day of the moon -, fo the 28th day of April will be the firft day of the 
moon, and the firft day of May will be the 4th day of the moon. 

Now, though the moon docs not change the laft day of December^ the 
epadl gives the age of it on that day, and therefore if the epad be added to 
the day of the month in January, the fiim will be moon's age ; but in 
February we muft add 2 to the epadandday of the month, to find the 
moon's aee ; in March again, except in leap years, the epa^ and day of 
the month will give the moon's age. Hencfe this general rule will fcrve 
to find the moon's age on any day of the month. 

Rule^ Add the epaft to the day of the month, and the number for that 
month, the fum if lefs than 30 is the moon's age, if it exceeds 30 take 
30 frpm it, and the remainder will give the moon's age. 
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OF THE MOON'S AGE. z(,y 

The fbllowing numbers muft be added in the months to which they 
correfpond. 

January o April 2 July 5 OSlober 8 

February 2 May 3 Augufi 6 hlovember lo 

^Marcb o June 4 Sept. 8 • December 10 

''. ;/ E X A M P l' £ I, 

- RieqoiKd the moon's z%t the 24th day of January 1754. 
' The epafl by the preceeding rules will be found to be 6, the number 
for the month is o, now we have only 6 to add to the 24, which makes. 
30, which bdng half a day more than a whole mooa, the moon changes 
Ibme time that day*. 

EXAMPLE II. 

Required the moon's age the 26th of April 1754, to 26 add 2 for 
the month, and the epadt 6, the fum is 34, from which fubftradting 30, 
the remainder is 4, tne moon's age. 

After finding the moon's age we may thereby find the time of high 
water fi'om the following principles. 

It has been obfcrved that when it is high water in any port, the moon 
will always be on the fame point of the compafs ; and as the moon in 
24 hours moves through all the points of the compafs, it is pkin fhe 
mnft take 45 minutes in nxoving from any point to the next ; for 32, 
the points of the compafs, multiplied by 45, gives i440i the minutes in 
24 hours ; hence, if it is high water in one port at 1 2, and the moon 
then on the fouth point of the compafs, and high water in another port, 
when the moon is on the S. S.W. point, it will be r hour and 30 minutes 
after 12 when it is high vrater at this lafl place. 

Now, if the moon and the fun were always on the meridian at the fame 
time, the moon would always come to the lame point of the compafe at 
the fame hour of the day, and of confequence it would be alwa;^ high 
water at the fame hour; but fince the moon comes to the meridian 
with the fun only on the day of the change, which happening only once 
in 30 days, it will from jtjhence follow that the difference of the time of 
her coming to the meridian from the day of the change, or any day of 
her age, to the next day,will be 48 minutes ; for, 30 the days in the moon, 
multiplied by 48 gives 1440, the minutes in 24 hours, at which time 
the moon will again come to the meridian with the fun, and will then be 
on the fouth fide of the compafs ; the firfl day after the change it will 
\Msfi minutes after 12, before the moon comes to the meridian, or fouth 

point 
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point of the compafsi the fecond day i hour 36 minutes ; atidas it is 
thus 48 minutes everyday later Jn coming to the foujth pokit df^flite 
compaCs, it will be fo with wfpedt to any other pointy whicli is the 
reafon that it is high water in any port 48 minutes later every day 
than it was the preceding. 

From what has been faid^ it is manifeft, that before the time of high 
water can be found on any day of the moon, two things muft be known; 
fkft, on what doitit of the compafe the moon wiU fae every di^'at ^l%h 
water ; fecondly, at what time the moon will come to t^ ^mcric&n bn 
that day. As for the firfl, which is called the fkiwing^ k muii: oailybe 
had by experience, and for the fecond, which is called the mt>on'3iouth« 
ing, it will always be found by multiplying the moonf'^ age tbjr 48, md 
dividing the produdt by 6o, the quotient will give the hour, and the tct 
mainder the minutes the moon Js oil thstt day later of coming to the me- 
ridian than the fun. Now theie two being given, if to the hours and 
minutes of fouthing we add the hours and minutes correfponding to the 
flowing, that is, to the point of compafs on which the moon is at high 
water^ the fum is the time ol high water on that day. 

EXAMPLE. 

Required the tinic of high water at London^Bridge^ Feh 27^ ^754* 
the flowing S. W. 

Becaufe when the fun is on the fouth pomt of the compafs it will t)e 
12 hours, that is, either noon or midnight, it will be 3 hours after noon 
when the moon is on the S.W. point of the oompafs ; for in 45 minutes 
ihe moves from one point to the next ; S.W. is jl points from the fouth^ 
and 4 times 45 is 180 minutes, which is three Lours. The a^ of the 
moon on that is, 3 multiplied by 48 is 144, divided by 60 is 2 hours anci 
24 minutes, the moon's fouthing that day^ to which adding 3 hours the 
flowiqg, the fum will be 5 hours and 24 minutes, the time of high wai- 
ter required. 
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384.8 

8 
.8 



ill 

387.8 
388.8 
389.8 



390.8 
391.9 
392.9 
393-9 
394-9 



395.9 
396.9 

397.9 
39^. 
3999 
400.9 
401.9 
402.9 
403.9 
404.9 



4059 
407.0 
4c 8.0 
409.0 

410.C 

411.0 
412.0 
413.0 
414.0 
4M-0 
416 o 

4170 
4J8.0 
419.0 
420. 

6 



Min. 



421. 1 
422.1 
423.1 
424.1 

425.1 



426.1 
427.1 
428.1 
429.1 
430.x 



43X.X 
432.x 
433- » 
434.2 
435.* 



436.2 
437.2 
438.2 

439.» 
440.2 



441.2 
442.2 
443-2 
444.2 
445-2 



446.3 
447.3 
448.3 
449-3 
4'50.3 



45>.3 
45*. 3 
453-3 
454.3 
455.3 



456.3 

457.3 
458.4 
459.4 
460.4 
461.4 
462.4 

463.4 
464.4 

465-4 



466,4 

467.4 
468.4 

469.5 

470.5 



Mm, 



481.6 
482.6 
483.6 
484,6 
485.6 



486.6 
487.6 
488.6 
489.6 
490.7 



491.7 
49*7 

493.7 
494.7 
495-7 



496.7 
497.7 
498.7 
499.8 
500.8 



501.8 
502.8 
503.8 
504.8 
505.8 



506.8 

fi" 

509.9 
510-9 



511.9 
512.9 

513.9 
514.9 

515.9 



516.9 
518.0 
519.0 
520.0 
521.0 



522.0 
523.0 
524.0 
52Q.0 
526.0 



471.5 
472.5 

473.5 
474-5 
475-5 



476.5 
477.5 
478.'; 
4'?9.6 
480.6 



Mm. 



527.x 
528.1 
529.1 
530.1 
111.1 
532.1 
533-1 
534.1 
535.1 
536^2 

537-2 
538.2 
S39-2 
540.2 
J41.2 



Mim, 



542.2 
543.3 
544.3 

3 

3 

'3 
3 



545.2 
546.: 



548. 
549-3 
550-3 
551.4 



55**4 
553-4 
554.4 
555-4 



557.4 
558-4 
559.4 
580.5 

581.5 



562.5 
563.5 
564.5 

'Ml 



567.6 
568.6 
569.6 

570.6 

571-6 



572.6 
573.7 
574.7 
575.7 
570.7 



577-7 
578.7 
579.7 
580.8 
581.8 



58Z.8 
583.8 
584.8 

58^!8 

588.9 
589.9 
590.9 
591.9 



Min, 



603.1 
604.x 

606.x 
607.1 

608.2 
609,2 
610.2 
61X.2 
6x2.2 



61 3.2 
6i4.» 

616.3 
617.3 



618.3 
619.3 
020.3 
621.3 
622.4 



623.4 
624.4 

627.4 



XI 



664.1 

665.1 

666.1 
667.1 
668. x 

669.2 
670.2 
671.2 
672.2 
673^2 

874.3 



679w^ 
680^. 
68X.4 

682.4 

883.4 



685.5 
686.5 
687.5 
688.5 



699.6 
690.6 
691.6 
692.6 
893.8 



592.9 
593-9 
5950 
596.0 
5Q7 



8 



598.0 
J99.0 
600.0 
601.0 
602.1 



694.7 

696.7 
697.7 
698.7 



628.5 
629.5 
630.5 
63X.5 
632.5 

837.6 j 

638.6 699.8 
639.6 700.8 

640.6 J 701.8 
641.7 1 702.8 
642.7 . 703.8 

643.7 704-9 
705.9 
706.9 

707.9 
708.9 

710.0 
7110 
712.0 
713.0 

7U.I 

7i';-i 
716.1 

^55-9.7'7.i 
656.9 ^ 718,2 

6S7.9 : 719-2 

6(;9.o 

660.0 

661.0 

66^,0 

661.0 



644.7 

646.7 
647.7 
648.8 
649.8 
650.8 
651.8 
652.8 
653.9 
654.9 
655.9 



9 I 'o 



1 



720.2 
721.2 
722.3 

723.3 

Mitt. 



Min. 



725.3 
726.4 

727.4 
728.4 

729-.4 
730.5 
731.5 
732.5 
733-5 
734.0 

738.8 
737.8 
738.7 

239J 
740.7 
741.7 

74».8 
743.8 
744.8 

745.8 
740.9 
747.9 
748.9 
749.9 



>3 



Min 



751.0 
752.0 
753-0 
754.0 

755.' 
756.1 
757.1 
758.x 

759.a 
780.2 

761.2 
762.2 
763-3 
764.3 
765-3 
766.3 

767.4 
768.4 
769.4 

770.4 

771.5 
772.5 
773.5 

774-5 
775.6 



786.8 
787.9 
788.9 
789.9 
790.9 



776.6 
777.6 
778.6 
779.7 
780.7 



392.0 
793-0 
794-0 
795.0 
790.1 

797-1 
798.1 
799-1 
800.2 
801.2 



802.2 
803.2 
804.3 
8o|.3 
806.3 

807.3 
808.4 
809.4 
810.4 
811.4 



812.5 

813.5 
814.5 



817.6 
818.6 
819.6 
820.7 
821.7 



Min. 



848.5 
849.1 
850.6 
851.6 
852.6 



£L 



Min. 



853.7 
854.7 

856.8 
857.8 



858.9 

859.9 
861.0 
862.0 
863.0 
864.1 

86c. t 
866.x 
867.2 
868.2 

869.2 
870.3 
87X.3 
872.3 
873 



874.4 
87c.il 
871 



7817 
782.7 
7«3.8 
784.8 
785-8 

Minr 



822.7 

824.8 
825.8 
826.8 



827.9 
828.9 
829.9 
831.0 
832.0 



833.0 
834.1 

836.1 
837.2 



838.2 

S39.2 

840.3 

8413 
842-3 



843.4 

S44.4 

?45.4 
846.5 

842.5 

Min, 



II 



I I2I13 



879.6 
880.6 
88x.6 
882.7 
883.7 



910.5 

9".5 
9x2.6 
9x3.6 

914J5 

915.7 
916.7 

917.7 
918.8 
919.8 



920.8 
921.9 
922.9 

913.9 

925.0 



M 
*o 

X 
2 

3 

4 



926.0 
927.0 
928.x 
929.1 
930.1 



931.2 
932.2 
933-2 
934.3 
935.3 



936.3 
937.4 
938.4 
939.4 
940.5 



1^-7 
88c.S 

8S6.8 

887.8 

888.9 



889.9 
800.9 
892.0 

893.0 

894.0 



895.1 
896.1 
897.1 
898,2 
S99.2 



900.2 
901.2 
902.3 

903.3 
9043 

^05.4 
''06.4 
907.4 
908.4 
9 09-5 

Ml" 
14 



941.5 
942.5 

943.6 
944.6 
945-6 



946.7 

947-7 
948.7 
949.8 
950.S 



951.9 
952.9 

953-9 
955.0 
956.0 



957.» 
958.x 
959.2 
960.Z 
961.3 



962.3 

963.4 
964.4 

966.5 



967.6 
968.6 
969.6 
970.7 
9717 
~B/:in. 



15 



7 
•8 

Jl 
to 

XI 
X2 
13 

\i 

n 
x8 

19 
20 
21 
22 
*3 
?± 

li 
% 

19 
30 
31 
3* 
33 
34 

\i 

'i 

39 
40 
41 
42 
43 
44 

4^ 
46 

47 i 
48 

50 
51 

54 

\i 

C7' 

S8 

M, 
LA 
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A Table of Meridional Parts. 



O 
I' 


-1^ 


17 


-rr- 


Jtf«. 


»o35.3 


Min, . 


971.^ 


109^.1 


973.8 


1036.3 


1099.3 


2 


974-«» 


1037.4 


IIOO.O 


3 


97|S' 

97S.0 


1038.4 


1101.4 


4 

1 

7 

s. 


1039.5 


11V.4 


1040,5 
1041.6 
1042.6 
»043-7 


1103.5 


979.0 
980.0 
981.1 


XI04.C 

110c. 6 
1106.6 


lO 

II 


9«».i 

^9;3.2 
' 984-1 


1044.7 


1107.7 


104C.8 
1046.8 


1108,7 
1109.8 


12 


f1 


1047.9 


1I10.8 


»3 


1048.9 


1111.9 


^ 

Jl 


987.3 

9S<8.4 


1049.9 


1112.9 


1051.0 


IT 14.0 


9894 


1052.0 


nic.o 
iri6.i 


17 


990.4 


1053,1 


l}{ 


9915 


1054.1 


1117.1 


!2 

10 


992.5 


1055.2 


H18.2 


993-5 


1056.2 


1119.1 


21 

12 


994.^ 
99.5-6^ 
996.7 


1057.3 
1058.3 


1T20.J 
1121.3 


»3 


1059.3 
1060.4 


1122.4 




997.7 


1123.4 


998.8; 


1061.4 


1124.5 


26 


999.8' 


1062.5 


I 126.0 


17 


1000.8 


1063.^ 


28^ 


100x9 


1064.6 


1 127.6 


i2 


1002.91 


1065.6 


1128.7 


1004.0 


ic«6.7 


1129.7 




1005.0 
1006. 1 


1067.7 
ic6g.8 


XI3O.8 
1131.8 


n 


1007.1 


1069.8 


1132.9 


If 


1008.1 


IC70.9 


1134.0 


1009.2 


1072.0 


1135.1 


3<> 


1010.2 


1073.0 


II36.I 


37 


1011.3 


1074.1 


1137.1 


3« 


1012.3 


1075.1 
1076.2 


1138.2 


?2 
40 


1013.4 
1014.4 


1139.3 


1077.2 


1 140. 3 


4« 


10X5.4 


1078.3 


1141.4 


4* 


1016.5 


1079.3 


1142.4 


43 
44 


1018.6 


1080.4 
1081.4 


1143.5 

i»44.6 


1019.6 


1082.5 


1145.6 
1146.7 


1020.6 


l£l 


^l 


1021.7 


1148.8 


4J^ 


1022.7 


108C.6 
1086.7 


49 


1023 8 
1024,8 


1149.8 


1087.7 


1 150.9 


S» 


1025.9 


1088.8 


X 152.0 


Sa 


ro26.9 


1089.8 


1153.0 


53 


1028.0 


IC90.9 


1I54.I 


S4 


1029.0 
1030 I 


1091.9 


11551 


1C93.0 


1 1 56.2 


>*> 


1031.1 


1094.C 


1157.2 


r 


1031.1 


J09C.1 


IJ58.3 


« 


10^32 


1096. 1 


ii«j9.4 


59 

if. 


10H.3 


1007.2 


1160.4 


Min, 


Min, 


Min. 


'.. 


16 


. '7 


18 



■ ifciiii 



19 

mm. 



1x61.5 
1162.5 
1163.6; 
1164.7 
"65.7 

1X66.8 

ii67,8_ 

1x68.9. 

1170.01 

X171.O' 



»»73-»^ 
ii74ia 

1^5.2 

1x76.3^ 



^77:4 
178.4 



137 
11 

ii9o.5« 
ii8i,6 > 

II 84, ft 

ri^5«' 
ri86. 



X188.0 
X 1^9.0. 
X190.1 
XT91.X 
1192.x 



1193.2 
1x94.3 
1195.4 
1196.4 
1197.5 



1198.C 
1199.6 
1200.7 
1201.7 
1202.8 



1203.9 
1204.9 
1206.0 
1107. r 
1108. I 



1209 2 

X2X0.2 
12x1.3 
12X2.4 
I2134 



1214.5 

12X6.6 
X217.7 
1218.7 



XI 19.8 
1220.9 
1221.9 
1223.0 
1224.1 



»9. 



Ag«. 
X115.1 

1220.2 
1227.3 
1228.3 
1229^4 

1130.4 
1131.5 
1131.6 
1233.6 

'^34-7 
123C.8 
1236.8 
1257.^ 
1239X. 
1240.0 



XI41.1 
1242.2 
/»43.i 
1H4-3 
J245i4 



12464 

11^48.1 
1249.6 

"S0.7 
X 15 1. 18 
1151.^ 
1253.9 
X455.0 
1256,0 



X257.r 
X258.2 
1259.2 
1260.3 
X26X.4 



1262.4 

I2i4.6 
12^5.6 
1260.7 

X 267.8 
1268.8 
1269.9 
1271.0 
1272.1 



X273.1 
xi74,i 

»»75-3 
X276.3 

"27-4 



1228.5^ 

1279.5 
1280.6 
128X.7 
1282.7 

1283.Y 
1284.9 
1286.C 
1287.0 
1288.1 



Mn 



289.2 



[290.2 
291.3 
292.4 
^93- 5 
294.5 
295.6 
296.7 

298.8 



299.9 

301.0 
362.0 

jit* 



3?5-3 
306.3 

368.C 
322^6 
310.^ 
311.7 
312.8 
313.8 

i!±? 
J16.0 

3 1 7.1 
3t8.i 
3x9.2 
310^3 

321.4 
3W.4 
3»3'S 

314.6 



3i6.7 
3»7.8 
318.9 
330.0 
33''0 
332.1 
333a 
334-* 
335.» 
33S.4 

337-5 
338'S 
339-7 
340.7 
341.8 



342.9 

344.0 
34JO 
346.1 
347.2 



348.3 
349-4 
350.4 
35»-5 
35*'6 
Mh, 



21 



»S53-7 
X354.8 
X3S5.8 
X356.9 
'358.0 



1359.0 
1 360. 1 
1361.2 
1362.3 
'3^3-3 
1364.4 

\px 

»3^.6 

1W.7 

XJ69.8 
1 170.9 
xt7a.o 
M73-1 
'174-1 



»3r5-3 

X|76.4 

'm.4 

it7«.5 
ii>9.6 



i|8i.8 
i|82.8 
1383.9 
' 185.0 
1 386.x 

»389-4 
1J90.4 



X39X.^ 



392 

393 

»394 



.393.J 



'395-8 



X396.9 
1398.0 
1399.1 
1400.2 
1401-3 
1402.4 
1403.4 
1404.5 
1405.6 
H06-7 
1407.8 
1408.8 
1409.9 
X411.0 
1412.1 



1413.2 
'414.3 
'41J-4 
1416.5 

'417.7 



Mix, 



22 



2L, 



1418.7 

'4X9-7 
1420.8 
14SI.9 
'4»3*o 



1424-1 



144.X.5 
'44»-6 
'443-7 
'444-8 

1445-8 
1446.9 
1448.0 

1449-' 
HS2l* 

145».3 
*45a-4 
H53-5 
'454-6 
H5^7 
1456.8 

'457-9 
1458.9 
1460.0 
1461.1 

1462.2 

'463-3 
1464.4 

]^l 

1467.7 
1468.8 
1469.8 
1470.9 
^472.0 

1473- ' 
'474-2 
'475-3 
1476.4 

'477-5 
1478.6 

'479-7 
1480.S; 
1481.9 
1483.0 
Min, 



*iL 



24 



Mim, 



1484.1 

1487.3 
14814 

'489-5 
1490.6 
1491.7 
1492.8 

'493-9 



1495.0 
149^.1 
1497.2 
1498.3 
«4^-4 



1500.5 
1501.6 

1501*7 

1503.8 

»S04-9 

1506.0 

'5^-' 
1501.2 
1509.3 
1510.4 



15XI.J 
i5x£.6 

'5'3-7 
15x4.1 
!iI5i9 
1517.0 
15x8.1 
15x9-2 
1520.3 

>52»-4 
'522.5 
'5*3-5 
'5*4 7 
1525.8 

'526.9 

1528.0 
1529.1 
1530.2 

'53'-3 
1532.4 



'533-.J 
1534.6 

'535-7 
1536.8 

'537-9 
1539.0 
1540.1 
1541.2 
1542.3 
'543-4 



'544-5 
1545.6 

'546.7 
1547.8 
1548.9 



Mim. 



24 
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\5 



t 

M 

o 
I 

1 
3 

4 



TBSZ 



9 

lO 

II 

12 
I^ 

£♦ 

i'( 

17 
A 

11 

lo 

31 

22 

»3 

:i; 

«7 

2S 

!? 
30 

3« 
3* 
33 
34 
3S 
3« 

1? 

12 

40 

4> 
4* 
43 
^* 

4? 
50 

5« 
«J3 

la 

^t 

v 






1I91.9 

i8|j^ 



1894.2 
i|9j.3' 

i«i7:6< 

i$98»8 



1S99.9 

I90I.T 

1902.3 

'903-4 
1^54-6 

i9of.9 
t§6t.i 
1909.2 
»9«0'4 
1911.5 
1912.7 
191 3.8 
X9IC.O 
1916.2 



»9*7.3 
I9t8.< 
1919.0 
1920.8 
1911,9 



1923.1 
1924.3 
1925.4 
1920.6 
1^27.8 
1928.9 
1930.1 

»93«-3 
1932.A 

£933i* 



»934.7 
»935-9 
1937.1 
1938.2 
1939.4 



1940.5 
1941.7 

1943.9 
19440 

1946.4 

»947.5 
1948.7 
1949.9 
1951.0 



1952.1 
»9534 
'954-5 
'9S5-7 
£956^9 

SO 



\9it 

1^3-7 



1989.6, 
1990.8! 
1992.0 



19931 

»994.3 
>i97- ^ 



1999.0' 

2000.2 
2001.3 
2002.5 

2003.7 



2004.9 

2006.0 
2C07.2 
2008.4, 
2009.6 



2010.7: 
2011.9' 
20I3.I 

20143 
2015.4 



2016.6 
2017 8 
2019.0 
2020.2 
2011.3 



2022.) 

2023.7 

20H.9 
2026.0 
2027.2 



3« 



Min 



'1 

U9 



2028 
20»9 

2030,7 
20J1.9 

20J3^1 



2034.3 
2035.5 

2036.7 

2037.8 

2 039.0 



2040.2 

2041.A 

2042.6 

2043.8 



2046.1 

«H7-3 

1049.9 
205a 8 



2072.2 

•073-4 
2074.6 



»075-7 
2076.9 
2078.1 

2079.3 
2080.5 



2081.7 
2082.9 
2084.1 
208J.3 
2086. c 



2087.7 
2088.9 
2090.1 
2091.3 



Z093.7 
2094.9 
2096.1 
2097.1 

209«.C 



JL 



MtM. 



1099.6 

2100.7 
2i0t;9 
2103.1 

2I04J 



2i»e.5 
2106.7 
2107.9 
S109.1 
2110.3 



1052.0 
1053.1 
»054-4 

20S<.4 

2056.8 

1058.0 
I0j9.t 
1060.3 
1061.5 
1062.7 

1063:9 
1065.1 
2066.2 

^1 

1069.8 *«4«-4 
2071.0; *I4** 



*"8-4 
1I14-1 
2125.8 

2JS9.0 
•12B.2 
UI9.A 
ftl|0.0 
&I5I.8 
2133.0 
213£2 



lU*-^ 
S137.8 
2139.0 
1140.2 



1I43-8 

"4 

114 



2I4J.O 

l6.2 



2147.4 
2148.6 

2149.8 
2151.0 
2152.2 



2153.4 
2154.6 
1155.8 

1157.0 
2158.2 



Mfn. 

3* 



2159.4 
2160.7 
1161.9 
2163.1 
2164J 

V^^ 

2167.9 
1169.1 
1170-3 



m;».( 



33 



TSSZ 



1171.5 
1x72.7 

*«73.9 
ti7«.i 
1176.3 



»«77*S 
1178.7 
2180.0 
1x81.2 
1182.4 



1x83.6 
1184*8 
1x86.0 
1x87*1 

11884 

11S9.6 
ix$a8 
1191.0 

1X9S-3 

1195.7 
1x96.9 
U98.1 
2199.3 



ftioi.7 
1103.0 
1104.1 



ft207«8 
1109^) 

3U10.2 

11X1.4 

»ixi«7 

4113.9 
2I1C.1 
2110.3 
iiir5 
11187 



2232.1 

"33-3 
2234.6 

2235.g 

1*37.0 



2238.* 
22394 
2240.7 
2241.9 

2242.1 

Mim. 



34 



JL 



Miu: 



2244*3 

1146.8 
2248.0 

•249.2 



2250.A 
1251.6 
2252.9 

1254.1 

*»55-3 



2256.5 
2157.8 
11J31.0 

ia^t.4 



2i6ft.7 
»^3-9 

1166.1 
1167.6 

1168.8 
2170.0 
1171.2 
1171.5 

»73*7 



117A.9 
4176.1 

1179^8 

1181.0 
1181.3 

**;3.5 
1280.0 



1287.2 
1188.4 

2289.7 
1190.9 
1191,1 



««9S-3 
2294.6 
2295.8 
2297.0 

22j8^3 



2299.5 
2300.7 
2302.0 
2303.2 
2304^4 

1305.7 
2306.9 
2308.1 

23 IP 



2311.8 
23x3.1 
»3»4.3 
»3'J5 

2316^ 



15 



1318.0 

*3i9»3 
1320.5 
1311.7 
1313.0 



1324.2 

»3»S-4 
2326,7 
1327.9 
2329.2 



1330.4 
2331.6 
1331.9 
8234.1 

»33^.S' 
1337*8 
1339-0 



1341.8 

»3l44-o 
*34S'3 

»J4»-5 
6347;8 

13490 
1350.2 

»35«.S 
»J5**7 
•354-0 



•35S*i 
•15^5 

•3577 
»3|t9 
136QWI 

»3#M 
«3fl*7 
1363.9 

1368^9 
1370.2 
•371.4 



•373-9 

•37 



6.4 



•37' 

•377-7 

2378.9 



37 



Mim. 



2392.7 

•393-9 
239J.2 
2396.4 
•397*7 
2398.9 
2400.2 
1401.4 
2402.7 
1403.9 



2405.2 
2406.4 
2407.7 
2409-0 
2410.2 



1411.5 
1411.7 
•4H.O 
2415.2 
2416.5 



•4«7.» 
2419.0 
2410.3 

«4»»-5 
2422.8 



•415.3 
2416.5 
1417.8 

•419- » 



1430.J 

•43»-9 
*434.i 
M1L4 



•436.7 
H37.9 
1439-2 
24404 

•441-7 



M43-0 
•444-a 

•445.5! 
i44f.« 
•44>'0 



•449-1 
2450.6 
•451-S 
»453.« 
•4S4 3 
•455-^ 
H5f-9 
2458.1 

H59.4 
HOO'7 



1461.9 
1463-1 

i4*5-8 

Mm.' 



87 



i4Jti.o 
14|».3 
1483.5 

^% 

1489.9 
1491.2 

•49>-5 



•493-7 
2495.0 
2496.] 

2498.8 



1500.1 

•501.4 
1502.7 
1503.4 
2505^2 



2506.C 
2507.8 
1509.0 
15x0.^ 
1511-6 



1511.9 
•514.^ 
»Si|-4 

2516.7 
|i8^ 



•5»9»3 
2520.6 
2521.8 
1513.1 
•5*4'4 



•5*5-7 
2527.0 
2528.3 
2529.J 
•530.8 
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JSL 



Min. 



»54SiO 
2546.2 

154818 
2550^1 



•551.4 

2552.7 
2554.0 

255U 



•557-8 
2559-1 
2560-4 
2561-7 
2563.0 



•564.3 
256|.2 
2566.9 
2568.2 
•569-5 



2570.7 
2572.0 

•573«3 
•574^6 

•575.9 

•577ti 
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2579.8 
2581. I 

•581.4 

•583.7 

2587.6 
2588.9 
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2596.7 
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2618.8 
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1 40 
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2663.3 
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2685.7 
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26S9.7 
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2695.0 
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2699.0 
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•740*1 
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•746.9 
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2752.2 
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2757.6 
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276c.6 
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2766.1 
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2771.0 
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2775.0 
2776.4 

27777 
2779.0 
2780^ 
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1785.8 
2787.1 

1791.1 
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• 793-8 

•795. 1 
•798.5 
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2803.3 

•807-4 
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«8io.i 
181X.4 
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2814.1 



1^18.1 
•819.5 
2820.9 



2821.3 
2823.6 
182C.0 
2816.3 

1827.7 
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2^31.8 

2835.8 
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1838.6 
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2841.6 
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2846.7 
2848.1 
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2852.2 
28536 
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1857.7 
1859.1 
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28618 
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XI 
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}± 

M 
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Min, 
2863.1 

2867.1 
1868.5 

2870.0 
2871.3 
1871.7 
1874.1 
2875.4 

2876.8 
2878.1 
2879.5 
1880.9 
2882.3 

2885.0 
2886.4 
2887.8 
2889.2 
2890.5 

2|9i.9 
2893.3 

2396.0 

2898.8 
2900.2 
2901.5 
2901.9 

1904.3 
2905.7 
1907.1 
2908.4 
1909.7 
2911.1 
1911.6 
1914.0 
291C.3 
2916.7 

2918.1 
2919.5 
1910.9 
2911.1 
..9*3.6 
2915.0 
2926.A 
2927.8 
2929.1 
2930.6 
1931.0 

»933-3 
»934.7 
2936.1 

^937.5 

2038.9 

»940.3 
2941.7 

1943.1 

»944.4 

Mim. 

43 


44 
Mim. 

*945-7 

2948.6 
1950.0 
2^51.4 
1951.8 
2954.2 
2955.6 
1957.0 
1958.4 

*959-8 

296 X.I 

1962.5 
2963.9 
1965.3 

1966.7 
2968.1 
1969.5 
2970.9 
2971.3 

*973-7 
1975. T 
1976.5 
*977.9 
*?79.3 
1980.7 
2982.1 
2(983.5 

•*; 

*987.7 
2989.1 
2990.5 

*99i-9 
*993.3 

*994.7 
1996.1 
*997.5 
1998.9 
3000.3 

3001.8 
3003.1 
300J.6 
3006.0 
3007.4 
3008.8 
3010.1 
3011.6 
3013.- 
3014.4 

3015.8 
3017.1 
3018.7 
301c. 1 
3011.5 

3011.9 
3014.3 
3025.7 
30*7.1 
3018.5 

Mim. 

44 


3030.0 
3031.A 
3031.8 
30341 
30356 

3037-0 

3038.4 

3039.8 

3041-3 
3041.7 

3044.1 

3045.5 
3047.0 
304».A 
3049.8 
3051.1 
3052.6 
3054.1 

3055.5 
,054.9 

3058.3 
3059.7 
3061.1 
3062.6 
3064.0 

^- 

3068.3 
3069.7 
3071-1 
3071.6 
3074.0 

3075.4 
3076.9 
3078.3 

3079.7 
3081.1 
3081.6 
3084.0 
3085.4 
30869 
3088.3 
3089.7 
3091.2 
3091.6 

30940 

3095.5 
3096.9 

3098.3 
3099.8 

3101.1 
3101.6 
3104.1 

3105.6 
3107.0 

3108.4 
3109.8 
3111.1 
3111.7 
3114.1 
Mim. 

45 


46 

Mim. 

3115.6 
3117.0 
3118.5 

3119.9 
3111.4 

3111.8 

3IH.* 

31*5.7 

3118.6 

3130.0 

3131.5 
3131.9 

3134-3 
3135-* 
3137.1 
3138.7 
3140.1 
3141.6 

3«4|.o 

3144-5 
3145-9 

3150.3 

3151.7 
3153.* 
3154-6 
3156.1 

3157.5 
31590 
3160.4 
3161.9 

\Zi 

3166.1 
3167.7 
3169.1 

3170.6 

317*. « 

3173.5 
3175.0 

3176.4 

3177.9 
3179-3 
3180.8 
3181.3 
3183.7 

3188.1 
3189.6 
3191.0 
3192.5 
3194.C 

3195.4 
3196.9 
3198.4 
3199.8 

^^ 
\ 1^ 


47 

Mim. 
3101*8 
3104.1 
3*05.7 

3110.1 
3111.6 

3*13-0 

3*14.5 
3116.0 

3117.4 
3118.9 
3110.4 
3111.9 
3**3-3 
311A.8 
3116.3 

8**7-7 
3119.1 

3*30.7 
3131.1 
3»33''6 

3*35.1 
3136.6 

3*38.1 

3*39-5 
3H1.0 
3*4»-5 
3*44-0 
3145.5 
3*46.9 
3*48.4 
3*49.9 
3*51.4 
3*5*.9 

3*54.4 
3*55.8 

ngi 

3160.3 
3161.8 
3*63-3 

aj 
3*67.7 
3169.1 

3170.7 
3271.2 

3*73.7 
3175.2 

3176.6 
3178,1 
3*796. 
^181.1 

3282.6 

3*84.1 
3185.6 
3287.1 
3188.6 
3*90.1 

Mim. 
47 


4^ 

Mim. 
3191.6 

3*93.1 
3*94.6 
3*96.1 
3*97-5 
3*99.0 
3300*5 
$301*0 

3303-5 
H?5.o 

3306.5 
3308.0 

3309.5 

3311.0 
331*.$ 

1314.0 

3315-5 
3317.0 

33W.5 
33*0.0 

33*1.5 
33*3." 

33*4.6 
3326.1 
33*7.6 

33*9.1 

3330.6 

333»-i 
3333.6 
.3335.1 

3336.6 
3338.1 
33396 
3341-1 
334*7 
3344.* 
3345.7 
3H7.* 
3348.7 
3350.1 

3351.7 
3353.* 
3354-8 
3356.3 
3357-8 

33«»-3 
33<3-9 
J3«S 4 

I3W.9 

3369.9 

J37>? 
i?7J;0 

1374-* 
337<.o 

3J77.4 
3379- » 
3380.6 

atim. 

4« 


'§' 

33g8.i 

3389.7 
3391.3 
339».8 
3394.3 
3395.9 
3397.4 
3398.9 
3400.4 
340M 

3408.1 
3409.6 
3411.1 

34i*.7 
H14.* 
3415-8 

3+'Z-l 

3418.8 
34*0.4 
34*19 
34*3.5 
34*5.0 
34*6.5 
3418.1 
34*9-6 
3431.* 
343».7 
3431? 
H35.8 
343Z.8 
3438.9 
3440.4 
344».o 

3443.5 

3448.1 
3449.7 

3451.* 
345*-8 
3454.3 
3455-9 
3457.4 
H590 
3460.5 

3463.6 
3465.1 

3466.7 

3469.8 
3471.4 
3473.0 
MVr. 

49 ' 


Mim. 

3474-5 
3476.1 

3477.6 
3479.* 

^480.7 

3483^9 
3^5.4 

3490.1 
3491.7 
3493.* 
3494.8 

*»*? 

3497.9 
3499.5 
3501.0 
3501.6 

3504.* 

3505.7 
3507.3 
3508.9 
3510.5 
3511.0 

3513.6 
3515.1 

3516.7 
35i».3 
3519.8 

35*1.4 
3513.0 
3524.6 
35*6.1 
35*7.7 

35*9.3 
3530.9 
353*.4 
3534.0 
3535.6 

\nu 

3540.3 
3541.9 

354*.S 
354.51 
3546.7 
3548.1 
3549.8 
3551.4 
3553.0 
355J.6 
3556. r 

3557-7 
3559.3 
3560.9 
3561.5 
3564.1 
3565.7 
3567-3 
Min. 

mtmmm 


J' 

3iim. 

3568.8 

3570.4 
357».o 

3573-6 
3575-* 
,576.8 

35Z*-4 
3580.0 

3581-6 
3583.1 

3588.0 

85«9.5 
859i.t 

359».7 
3594-3 
3595.9 
3597.5 
3599-1 
36oa7 
3601.3 
3603.9 
3605.5 

&; 

3610.3 

Ip 

3615.1 
36~i6:8 
3618.4 
3620*0 
36mi.6 
3613.1 

^ 

3618.0 
36*9-6 
3631.3 
3631.9 

pi 

3637.7 
3639.3 
3640.9 

364*5 
3644,2 
3645.8 
3647.4 
3649.0 
3650.6 
3651.3 
3653.9 
3655.5 
3657,1 

3660.4 
3662.0 
3663.6 

Mim, 
51 


Mim. 

}67<Ki 
,67.., 

3<7J'4 

&1 

3678.1 
3679.9 

3691-8 

m 

3697.8 

3699.5 

3701.1 

37«.7 

32S!:4 
3706.0 
3707.7 
3709-3 
3710.9 

37i*.6 

3714-* 
3715.9 
3717.5 
3719.* 
?7*o.8 

37**.4 

37*4-1 
37*5-7 
37*7.4 
37*9-0 

3730.7 
373*.3 
3734.0 
3735-6 

3737-3 

373«f 
3740.6 

374*.* 
3743.9 
3745-5 
3747.1 
3748.9 
3750.5 
375*-* 
3753-8 

3755.5 

3758.8 
3760.5 
3761.1 
Mfm. 
5* 


3763.8 

3765.5 
3767.1 
3768.8 
3770.4 
377».i 
3773.> 
3775.4 

w 

3783.8 

37;5*5 

^ 

3790*5 

379*.; 
3793-« 
|79?.5 

3|o<»S 
j|o..» 

3803.9 
3«.S-S 

381..$ 

1:1:1 

3817.3 
3819.0 

3810*7 
3811*3 
3824.0 
3815.7 

38*7.4 
3819.1 

3830.8 

353*5 

3835.8 

3837.5 

3839.1 
3840.0 

3|4i.6 

3846.0 

3847.7 
3849-f 

3!^'i 

3851.8 
3854-5 
3856.1 

38?7.9 
38C9.6 
3861.3 
3863.0 
Mim. 
53 


1^ 

j86S.i 
}M,.8 

SfTM 

i|! 

3!!3^ 

3888.6 

389».o 

3900.5 
3901.3 

3904-0 

3905:7 

3907.4 
3909.1 
3910.0 
39x1.6 
3914.3 
3916.0 
3917.7 
3919-$ 
39*1* 
39*».5 
39*4-6 
3926.4 
39*8.1 
39*9-8 
3931.5 

3933-3 
3935.0 

3936.7 
3938.5 
3940.1 

3941.9 
3943.7 

3945.4 
3947.1 
3948.9 
3950.6 
395*.3 
3954.1 
3955-8 
3957.6 

3959.3 
3961.0 

3961.8 

3964.5 

54 


3968.0 
3969.7 
3971.5 
3973'« 
3975.0 
3976.7 
3978.5 
398o.» 
3981.0 
39«3.7 
39f5.f 
3957-» 
3989.0 
3990.7 
399*-5 

3994.» 
3996.0 

3997.7 
3999.5 
4C01.3 

400 J^O 

40oS*3 
4010.0 

401 1.8 
4013.6 

40153 
4017.1 
4018^ 

4010.6 
401S.4 
40S4-* 
4015.9 
4017-7 

40*9-5 
4031.* 
4033-0 

SItl 

4038.3 
4040.1 
4041.5 

4043.6 

4045.4 
4047.2 
4049.0 
4050.8 
4051.5 
4054r3 
4056.1 
4057.9 
4059.7 
4061.4 
4063.1 

406^,0 
4066.8 
4068.6 
4070.4 
4071.1 
Mim. 
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9345-* 
935i.a 
93604 



9368.1 

9|&3kj 

9391: 
9^9^ 



>94o«^4 
9414.4 
9422.1 
9429.J 

9437-? 



944S-< 

94J3-4 
946i.| 

9469.1 

9477-0 



9484.9 
9492.0 
9509.1 
9508.8 
9516 8 



^515.8 
95;* 9 
9540-9 
95-^89 
9^;jr^ 

9565- » 
9573 •» 
9581.4 

95*9-5 
9597.7 



A//*. 



9H7-* 

9663^8 
9672 2 
9680.6. 
f 689.0 
9697.4 
97'^5-8 
9^54-* 
9Zthl 
^73H 
9739-7 
9748.3 



^^w 



9756.8 
97054 



9774-0 
5-°- 7 



1 



J0IJ7.0 
"10145.6 

i«56.i 
1*65.8 
'° /7j.4 ' 
1^1*5 ."I 
10T94.8 
10204.6 
10214.4 
1PM4 .1 
10234.0 
10243.8 
ioic|.7 
•JOZ63.6 

.1C283.5 
.10293.5 
110303.5 
110313.6 

10333.8 
10344.0 

10364,3 
0374^5 



T^4?7 
io;g6.i 
10J7.7 
id799.3 
tf)8i«.o 



5 
5 



81 



^9''4 6 
9913.6 

-993*-7 

-995Q'5^ 

9068.9 
'^978.0 
^987.1 



9996.3 
10005. "J 
1 00 14. 8 
10014.0 
10033J 
10042.6 
IQO5X.9 
10061.3 
10070.6 
tooSo.o 



10Q89.4 
T0098.9 
roto8.4 
10J17.9, 
10127.4 

Afiw, ( 

~8"r 



10384.^ 

I0395-* 
10405.4 
104 r^. 8 
1041)6.2 



1043 6,6l 
10447 
104. 7/5 
I04( 8.0^ 
104: 8ly 



10811.5 
10834 1 
lofif ; 9 
10857.7 
10^9 6 

io8lii.4 
10893.3 
10905 

10917.2 
10929. z 

«P94»^ 
'<>953r3 

10965.5 

10977.7. 
1C989 9 

i 1002.1 
11014.5 
1 1016.9 
1J039.3 
J1051.7 



^-J6_ 

1 1 532.6 
11547.0 
11561.4 

'^57^^9 
11 590. < 



11619.6 
11605.8 
.1163419 
1 1 640. 3 
ii&£4.^i 



MM.i 
1 1694.0 

iM7»4.2v 
M-3^4 

''♦754.7: 

in77P.Q 

it78V4 
1 1806.9 
i|8i6.4 

17831.0 
1 1847.6 
If 86?. 4 

r87i* 



io<i9.X 
» 0499-7 
10510 4 
105^1. it 
1053 1.8 
10541.6111^5^ 



iiS 



^ 



Mil' 

11511.3 
I15AI.4 
11560.7 

11580.0 
'>$99-i 



1 :9i,J o 
ir9»7.& 

"943-1 

'5959.4 .. . 
11975.I6 1312 6.1 



7? 



io5{3'3 
105^4. ^ 
105T4.0 
10585.S 
10596.7 
10607.7 
10618.7 
10619.7 
10640,8 



99a .p 
ij»uo8''4 
iwoaa^ 

';^o^,5 
i£o^ 

12168J6 
iii^r^ 
121^ 



10651.9 
10663.0 
10674.1 
10685.3 
10696.5 



10707.7 
10719. 1 
10730.4 
10741,8 
^0753-3 



iii70»5 
1)183.8 
11197.1 
ii3Ta6 

11327:0 
11337.6 

ii3^>-» 
11364.8 
11378.4 



11392.1 
ii4o6.'q 
114*9.8 
IH33-7 
■'24477' 
1.1 461. 7 
11475.8 
11489.9 
11504.1 
"5'8.3 

85 



'»U9-9 
^ir77.i 
111I4.4 

fi2ii;8 
12119^3 
111^6.9 
iii€4.6 
11182.4 
12300 2 

ti3i;8.i 



8& 

Min. 
13916 6 
'3945>? 
13974.4 
14003:7 

'4033;^ 
f466^T^ 
1401)3.0 
14113.3 
HI53-9 
.14134.7. 






r629o.8 



1^416.3^ 2 : 
1*6476.1 ^3^ 



165620 
16726.1 

16791.7 

169^6 5 

1-6990 <6 

'J7Q66.9; 

.I7W-3. 
171^3.2* 



t»3aj6-3 

ia454'4 
»«J7*-7 
11391.0 

|i4«>9-5 



11428.0 

11446.7 
11465.3 
11484.2 
^»543;2 
AgrV. 
86 



13511.6 
I3I537.1 
14565.0 



13641 4 
13608.0 
13694.7 

117*1.7 
'|748f 

M7763 
1J803-..9 
T 1831. 7 
xl8c<),8 
i|888^i 



-14944a 
i49^f 

15062^.^ '1 

'5143;0 
15x84-2 
1522^.^ 
I $268.0 

»53L0.7 

15397.8 
ro44^.? 
'54870 
T5532 6 
155787 

m;^-5, 

15673.0 
1571^ 

15819.3 
158(^5 
1 0920^4 

fjm 

j6oi%6. 

16077.9 
t6iv«o 



87 



M 



xf7.< 



10242.9 
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For Numbers increafing in their Natural Onkr from Uoite 1 


ta loooo. 1 


Num. Logarith. 




Num. 
34 


Logarith. 




Num. 
67 


Logarich. 


I 


0.000000 


I-53H79 


1.826075 


2 


0.301030 




35 


1.544068 




68 


1.832509 


3 


0.477121 




36 


J..556302 




69 


1.838849 


4 


o.6o2o6o 




37 


1.568202 




70 


1.845098 


5 10.608970 




38 


^'5797H 




71 


1.851258 


6 


0.778151 




39 
40 


1.5S1065 




72 
73 


1-857332 


7 1 


0.845098 


1. 602060 


1.863323 


8 1 0.903090 




41 


1.612784 




74 


1.869232 


9 


0.954242 




4* 


1.623249 




75 


1. 875061 


10 


1. 000000 




43 


1.633468 




76 


1. 880814 


II 


1.041393 




44 


1-643453 




77 


1. 886491 


12 
«3 


1.079181 




45 
46 


1.653212 




78 
79 


1.892095 


I.I 12943 
1.140128 


1.662758 


1.897627 


«4 


^ 


47 


1.672098 




80 


1.903090 


»5 


1.176091 




4« 


1.68 1 241 




81 


1.908485 


16 


1. 204120 




49 


1.690196 




8s 


1.9138H 


'2 


1.230449 




50 


1.698970 




83 


1. 9 19078 


18 


1.255272 




51 


1.707570 




84 


1.9*4279 


20 


1.278754 




53 


1.716003 




86 


1.929419 


1.301030 


1.724276 


1.934498 


21 


1.322219 




54 


1.732394 




H 


»'9395i9 


22 


1.342423 




55 


1-740363 




88 


1.944483 


83 


1.361728 




56 


1. 748 1 88 




89 


1.949390 


24 


1.380211 




57 


1-755875 




90 


i.954v*4« 


*$ 


1.397940 




58 


1.763428 




9« 


1.959041 


26 

27 


»'4«4973 




59 
60 


1.770852 




92 
93 


1.963788 


1.431364 


1.778151 


1.968483 


28 


i.447»58 




61 


1-785330 




94 


1.973128 


*9 


1.462398 




62 


1.792392 




95 


1.977724 


30 


1.477121 




63 


1-799340 




96 


1,982271 


St 


1.491362 




64 


1. 8061 80 




^Z 


1.986772 


32 


1. 505 1 50 




65 


•1.812913 




98 


1.991226 


'33 


1. 5 185 14 




66 


1.8 19544 




99 


^'995^25 
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100 

lOI 

102 

»o3 

104 

107 
108 

£22 

no 
111 

112 
113 

m 

lao 
121 
122 
123 
124 

126 

\% 

129 

130 

»3' 
132 

»33 
*34 

136 
'3Z 

139 

140 
141 
142 

143 
'44 

' 





I 

000434 

00475' 
009026 

013259 
oi7f5« 
021603 
025715 
029780 
033826 
03782^ 

041787 
049606 

061072 

072250 
075912 

079543 
090258 

093772 

097257 
100715 
104145 

107549 

I 10926 

114277 
117603 
120902 
124178 

127429 

'3°S55 
133858 

137037 
140194 
143327 

146438 
149527 

152594 
155640 
158664 

I 


2 

0008^ 
005180 

013^0 
017868 
022016 
026124 
030195 
034227 
038223 

042182 
046105 

049993 
053846 
057666 

061452 
065206 
068028 
072017 
076276 
079904 
013563 
087071 
09061 I 
09412a 
097604 
1010C9 

104487 
J07888 
I I 1262 
I 1461 I 

"7934 
121231 
124504 
127752 

'30977 
« 34177 
137354 

140508 

143039 
146748 

.»49»35 
152900 

» 55943 
158965 

2 


3 

001301 
005609 
009876 
014100 
018284 

022428 
026533 
030600 
034628 
038620 

042575 
046405 
050380 

054*30 
058046 

061829 
065580 
069208 
072085 

0^02^ 
083861 
087426 
090963 

09447* 
097951 

108227 
111598 

"4944 
118265 
I 2 1560 

12J830 
128076 

13*298 
134496 
137670 
140822 
143951 
147058 
150142 
153205 
156246 
159266 


4 


5 

oo2i6{S 
006466 
010724 
014940 
019947 

023252 

027353 
031408 

0J5430 
0394*4 
043362 
047275 
05 I 152 

04499O 
058805 

062582 
066326 
070038 
073718 

077368 

080987 
08A576 
088136 
091(67 
095169 
098644 
102090 
105510 
108903 
112270 
1 15610 
118926 
122216 
12S481 
128722 

*3*939 
»35*33 
* 38303 

141450 

*44574 
147676 
150756 

1538*5 
156852 
159868 

5 


it 
002598 
006894 
0111A7 
015360 
019532 

023664 

027757 
031812 
035830 
039811 


-7 

003029 
007321 
011570 
015779 

0*9947 


8 
003460 
007748 
011993 
016197 
020361 
024486 
028571 
032619 
036629 
040602 

044540 
048442 
052309 
056142 
059942 
063708 
067443 
071145 
074816 
078457 
082067 
085647 
089198 
09272 J 
096215 

099681 
I03il9> 
106531 
109916 

"3*75 
116608 

"99*5 
123198 
126456 
129690 
132900 
136086 

139249 
142389 

145507 
148603 
151676 
154728 

'57759 
160769 

8 


_9_ 

00389 

oo8i7< 
0124 If 
01^615 

02077: 

024896 
02897* 
0330*'; 
037028 
04099S 

04493' 
048830 

052694 
o«6524 
060320 

064083 
067814 
071514 
075182 
078819 
082426 
086004 
089552 
093071 
096562 
1OC026 

^06870 
110253 
11*3609 
116940 
120245 
123525 
126781 
130012 
133219 
136403 

139564 
142702 

145818 

148911 

1 5 198?. 

*55o.?? 

158061 
161068 

. 9 


000000 

008600 
012837 
017033 

021189 
025306 
029384 

033424 
037426 

041393 

0453>3 
049218 

053078 

071882 

075547 
079181 
082785 
086360 
089905 
093422 

096910 
100170 
103804 
107210 
110590 

"3943 
117271 
120*74 
123852 
127105 

130334 
»3353^ 
130721 

139879 
143015 
146 1 28 
14921Q 
152288 

158362 



001734 
006038 
010300 
014520 
018700 

022841 
026942 
031004 
035029 
039017 

046885 
050760 
054613 
058426 

062206 

073352 

077004 

080626 
084219 
087781 
091215 
094820 
0^8297 

101747 
105169 
108565 
111934 


028164 
032216 
03622:9 
040207 

044*48 
048053 
051924 

055760 

059563 

063333 

067071 
070776 

07445' 
078094 

081707 
085291 
088845 

095866 

099335 
102777 
106191 
109578 
112940 
116276 
iI9<e86 
122871 
126131 
129368 
132880 
'35768 

•38934 
142076 
145196 
148294 
'5*370 
154424 

160468 


043755 
047664 

05«S38 

055378 
059185 

062958 
066698 
070407 
074085 
07773* 
08134.7 
084934 
088490 
092018 
0955*8 
098990 
IM434 
105851 
109241 
I I 2605 

"5943 
119256 
122543 

125806 
129045 

132260 

*3S4S* 
138618 
141763 
144885 
147985 
151063 
154119 

*57*54 
160168 

6 


115*78 

12 1888 
125156 
128399 

13*619 

134814 
137987 
141 136 
144263 

147367 
150449 

*535»o 
156549 

159567 

4 


• 3 
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32 LOGARITHMS. i 


1N6 .0 1 


I 
161667 

164651 
1676x3 

170553 
173478 

176381 
179264 
182129 

184975 
187803 


2 

161967 
164947 
167908 
170848 
173769 


_3. 

162266 
165244 
168203 
171141 
174060 


4 


5 

162863 
165838 
168792 
171726 
174641 

177536 
180413 
183270 
186108 
188928 


6 


7 


8 

166726 
169674 
172603 
175512 


9 


X45 
146 

H7 
148 

149 

150 

^5' 
152 

»53 
154 

156 

158 
159 
160 
161 
162 

164 

I6J 
166 
167 
168 
169 

170 
171 
172 

»73 

•74 

176 
177 
178 
179 

180 
481 
182 

184 

185 
186 
187 
1S8 
189 


I >8 

J f3 

f '7 

I >2 

1 t6 

1 84691 
18752X 


162564 

165541. 
168497 

»7i434 
174351 


163161 
166 M4 
169086 
172019 
.174932 


'63459 
166430 

169380 

1723" 
175222 

1781T3 
180986 

•83839 
186674 

189490 
192289 
195069 
197832 
200577 
203305 


164055 
167022 
169068 
172895 

T 75802 
178685 
181558 
184407 
,187239 
190051 

192846 
I9K643 
198382 
201124 
203848 
206556 
209247 
21X921 

2'4S79 
217221 


176670 
179552 
182415 

X88084 

190802 
19768 I 
196452 
199206 
201943 

204662 
207365 
210051 
212720 
215373 


176959 
179839 
182700 
185542 
188366 


177248 
180126 
182985 
185825 
188647 


177825 
180699 

'83554 
186391 

i89>209 
192010 
194792 
197556 
200303 
203033 

205745 
208441 
211120 
213783 
216430 


178401 
181272 
184123 
186956 
189771 


190332 
193125 
195900 
198657 
201397 


I906I2 

193403 

I96I76 

198932 

201670 


191171 

'93959 
196729 
199481" 
202216 

204933 
207634 

210318 

212986 

215638 


191451 

194237 
197005 

199755 
202488 


191730 
194514 
197281 
200029 
202761 


192567 

'95346 
198107 
200850 

203577 

206286 
208978 
211654 

2'43'4 
Z16957 


204120 
206826 
209515 

2t2l88 

214844 
217484 

220108 
222716 

225W9 
227887 

230449 
232996 

2355*8 

238046 

240549 


204391 

207095 

209783 
212454 

215109 


205204 
207903 
210586 
213252 
215902 


205475 
208172 
210853 
213518 
216166 

218798 
221414 
224015 
226600 
229170 


2c6oi6 
208710' 
211388 
214049 
216694 


217747 

220370 
222976 
225568 
228143 

230704 

23325c 

235781 
238297 
240799 


218010 
220631 
223236 
22^826 
228400 


218273 
220892 
223406 
226084 
228657 


2i8535 
221153 

225755 
226342 
228913 


219060 
'221675 
224274 
126858 
229426 


219322 
221936 

224533 
227115 

229682 


219584 
222196 
224792 
227372 
2219938 


219846 
222456 
225051 
227630 
230193 


230960 

233504 
230033 

238548 
241048 


131215 

233757 
236285 

238799 
241297 


231470 

234011 

236537 

239049 
241546 


231724 
234264 
236789 

239299 
241795 

244277 
246745 

249198 
251638 
254064 


231979 

^345' 7 
237041 

239550 
242044 


232233 

234770 
237292 
239800 
242293 


232488 
235023 

237544 
240050 
242541 


232742 
235276 

23779s 
240299 

24279a 

24526'6 
247728 
250176 
252610 
255031 


243038 
245513 
247973 

250420 

252853 


243286 

245759 
2482.9 

250664 
253096 


243534 
246006 
248464 
250908 
253338 


243782 
246252 
248709 
251151 
253580 
255996 

258398 
260787 
263162 
265525 


244030 
246499 
248954 

251395 
253822 

256236 
258637 
261025 

263399 
265761 

268110 
270446 
272770 
275081 
277380 

4 


244524 
246991 

249443 
2518S1 
254306 


244772 
247236 
249687 
252125 
254548 


245019 
247482 
249932 
252367 
254790 


255272 
257679 

260071 
262451 
264818 

267172 
269513 
271842 

274158 
276462 




255514 
257918 

260310 

262688 
26^054 

267406 
269746 

272074 
274389 

276691 


mi 

260548 
262925 
265290 


256477 
258877 

261263 
263636 
265996 


256718 
259116 
261 501 
263873 
266232 


256^58 

259355 
261738 

26^109 

266467 


257198 

259594 
261976 

264345 
266702 

269046 
271377 

276002 
278296 


257439 
259833 

262214, 
26458 r 
266937 

269279 
271609 
273927 
276232 
278525 

9- 


267641 
269980 
272306 
274620 
276921 


267875 
27021 r; 
272538 
274850 
277151 


268344 
270679 
273001 
275311 
277609 


268578 
270912 

273233 
275542 
277838 


268812 
271144 

273464 
275772 
278067 


I 


2 


3 


_,^ 


6 


7 


8 
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LOGARITHMS. ^A 


N"«. 
190 
191 
192 

193 
194 

196 

*95 

198 
199 

.200 
201 
202 
203 
204 

205 
200 
207 
208 
209 
210 
211 
212 
213 
214 

216 

VA 

219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 





I 


2 


_3_ 

279439 
281715 

282979 

286232 

288473 

290702 
292920 
295127 

297323 
299507 

301681 
303844 
305996 
308157 
310208 

3*2389 

3*4499 
316509 

318689 

[320769 

322839 

324899 
326950 

328991 
331022 

333044 
33505^ 
337060 

339054 
34*039 

3430*4 
344981 

34^939 
348889 

350829 
352761 
354684 

356599 
358506 
360404 
362294 
364176 
366049 

3679*5 
369772 


4 


5 


6 
280123 
282395 
284656 
286905 
289143 

291369 

293583 

295787 

297979 
300160 

302331 

304490 
306630 
308778 
310906 

3*3023 
3*5*30 
3*7227 
3*93*4 
321391 

323458 
325516 

327563 
329601 

: ' 9 

\ 1 

19 

10 

;2 

■.._ •5 
;34557o 
.347525 
349472 
351500 

353339 
355260 

357*72 
359076 
360972 

362859 

364739 
366700 

368473 
370328 

6 


7 , 
280351 
282622 
284882 
287130 
289366 

29*59* 
293804 
296007 
298198 
300378 

302547 
304706 

306854 

308991 

3****8 

3*3234 
3*5340 
3*7436 
3*9523 
32*598 
323664 

32572' 
327767 

329804 
33*832 
333850 
335859 
337858 

339849 
34*830 

343802 

345766 

347720 

349669 
35*603 

353532 

35545* 

357363 
359266 

361161 
363048 

366796 
368659 
3705*3 

7 


8 

280578 
282849 
285107 

*!7354 
289589 

291813 
294025 
296226 
298416 
300595 
302764 
304921 
307068 
309204 
3**330 

3*3445 
3*5550 
3*7645 
3*9730 
321805 

323871 
325926 

327972 
330008 

332034 

33405* 
336059 
338058 

340047 
■342028 

343999 
34596* 

3479 '5 
349860 

35*796 
353724 
355643 
357554 
359456 
361350 

363236 

365 "3 
366983 

368844 

370698 

8 


9 
28080C 
283075 
285332 

'^757^ 
289812 

292034 
294246 
296446 
298635 
300813 

302980 
305136 
307282 

3094*7 
3**542 
3*3656 
3*5760 
3*7854 

3*9938 
322012 

324077 
326131 
328176 
330211 
332236 

334253 
336259 

338257 
340246 
342225 

344*96 

346*57 
348110 

350054 
35*989 
3539*6 
355834 
357744 
359646 
361539 
363424 
36530* 
367*69 
369030 
370883 

-2j 


278754 
281033 
283301 

^55557 
287802 

290035 

292256 

294466 

296665 

298853 

301030 

303196 

305351 
307496 

309630 

3»»754 
3*3867 
3*5970 
318063 
320146 


278982 
281261 
283527 
285782 
288025 

290257 
292478 
294687 
296884 
299071 

301247 
3034*2 
305566 
3077*0 
309843 
31*966 
314078 
^316180 
3*8272 
320354 
322426 
324488 

3*654* 
328583 

330617 
332640 

336660 
338656 
340642 
342620 
344589 
346549 
348500 

350442 

352375 
35430* 
356217 
358*25 
360025 

3619*7 
363800 
365675 
367542 
369401 

I 


279210 
281488 

283753 
286007 
288249 

290480 

294907 
297104 
299289 

301464 
303628 

30578* 
307924 
310056 

312177 
3*4289 
316390 

3*8481 
320562 

322633 

324694 

330819 
332842 

336860 

338855 
340840 

342817 

344785 
346744 
348694 
350636 

352568 

354493 
356408 

3583*6 
360215 

362105 

w^ 

367728 
369587 

2 


279667 
281942 
284205 
286456 
288696 

290925 
293141 

295347 
297542 

299725 
301898 

304059 
306210 

30835* 
310481 


279895 
282169 

284431 

286681 

288920 

29**47 
293362 

295567 
297760 

299943 
302114 

304275 
306425 

308564 
3*0693 

312812 
314920 
317018 
319106 
3i*i84 


312600 
3*47*0 
316809 
318898 

320977 

323046 

325*05 

327*54 

329*94 

33*225 

333246 

335257 
337260 

339253 
34*237 
343212 
345*78 
347*35 
349083 
351023 

3 ii 

3 ^6 

3 '2 

3 (6 
3 L3 
3 (2 

\ % 

3 >* 
369958 

4 


322219 
324282 
326336 
328380 
3304*4 
332438 
33M54 
336460 

338456 
340444 

342423 
344392 
346353 
348305 
350248 
352182 
354*08 
356026 

357935 
359835 


323252 
325310 

327359 
329398 
33*427 

333447 
335458 
337459 
33945* 
34*434 

343409 
345374 
347330 
349277 
;' S 

• 5 

: 8 
I 

6 

3^1"* 
366423 
368287 

370*43 


230 
231 
232 

233 
234 


361728 
363612 
365488 

367356 
369216 

1 ^ 
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LOGARir-HMSi 



No, 



235 
236 

238 

240 
241 
242 
243 
24-4 



24s 
246 

247 
248 

249 



250 
251 
252 
1253 
254 



255 
256 

257 

258 

259 



260 
261 
262 
263 
264 

265 
266 
267 
268 
269 



270 
271 
272 

.273 
274 



276 



279 



371068 

372912 

374748 

37657 

37l3i: 

3802 I I 

382017 

383815 
385606 

387390 



389166 
390935 
392697 
394452 
396199 



397940 
399674 
401400 

403 J 20 
404834 



406540 
408240 

409933 
41 1620 

4^3300 

414973 
416640 

418301 
419956 
421O04 
423246 
424882 
426511 
428135 
4297J2 

431364 
432969 

434569 
436163 

439333 
440909 

442480 

444045 

445604 



371253 
373096 
37493' 

376759 
378580 



380392 
382197 
383995 
385785 
387568 



389343 
391 I 12 

39*873 
394627 

396374 



398 I 14 

399847 
401573 
405292 
405005 



406710 
408410 
410102 
411788 

413467 



371437 
373280 

375115 
376942 

378761 



380573 
382377 

384174 
385964 
387746 



389520 
391288 

393048 
394852 

396548 
398287 
400020 

40174s 
403464 
405^75 



41 5 140 
416807 
418467 
420121 
421768 

423470 

425045 
426674 

428297 

429914 



43»5*5 
433J29 
4347»8 
436322 
437909 



I 



439491 
441066 
442636 
444201 
445760 



406881 
408579 
410271 
411956 

413635 



4»S30?l 
416973 
418633 

420286 
421933 



423573 
425208 
426836 
428459 
430075 

431685 

433*90 
434888 
436481 
438067 



439648 
441224 
442793 
444357 
445915 



371622 

373464 
375298 

377»24 
37^943 
380754 
38^557 
384353 
386142 

387913 
389697 
391464 
393224 

394977 
396722 



398461 
400192 
401917 

403635 
405346 



407051 
408749 
410440 
412124 

4£j8p2 



1 



37 « 806 

373647 
375481 
377306 

379124 



:j_i-_:: 



380934 
382737 

384533 
386321 

388101 
389874 
391641 

3934<Jo 
395152 
3 96896 

398634 
400365 
402089 
403807 
4055^^7 



415474 

417139 
418798 
420451 
422097 



423737 

42537 » 
426999 

429621 

430236 



431846 
433450 
435048 
436640 
438226 



439806 
441381 
442950 
444513 
44607* 



407221 
408918 
410608 
412292 
413970 



37»?9' 
37383» 
375664 
377488 

379305 

381115 
382917 

3847" 
386499 
388279 



T=7 



390051 
391817 

393575 
3953*6 
397070 



398808 
400538 
402261 

403978 
405688 



415641 
417306 
418964 
420616 
422261 



423901 

425534 
427161 

428782 

430398 



432007 
433610 
435207 
436798 
438384 



4399^ 
44>538. 

443106 
444669 
446226 



407391 
409087 

410777 

412160 

414117 

415808 

41747a 
419129 
420781 
422426 



37*175 
3740x5 
375846 
377670 

3 79487 
381296 

383097 
384891 
:86677 
388456 



X 



593228 

39*993 
39375* 
395501 
197245 

398981 
4CO7U 

402433 
404*49 
405858 



424064 
425697 
4273*4 
428944 
430559 



43**67 
433770 
435366 
436957 
43854a 



440122 
441695 

443263 
444825 
446382 

5 



40756* 

509257 
410946 

412028 
4*4305 



37236c 

374*^ 
376029 
377852 
379668 



38*476 
383277 
385070 
386855 

388634 



I381656 

383456 
385249 



,390405 
392169 

3939*6 
395676 
3974*8 

399*54 
400883 
40260J 
404320 
406029 



4*5974 
417638 
419295 
420945 
422590 



424228 
425S60 
427486 
429106 
4307*0 



432328 
433930 
435526 
437**6 
438700 



44027$ 
441852 

4434*9 
444981 
446537 



416141 
417804 
419460 
4211J0 

422754 



T 



37*544 
374382 
376213 
378034 
379849 



390582 
39*345 
394*0* 
39I850 

397592 



40773* 
409426 
411114 
412796 

4*447* [4*4639 



399327 
401056 
402777 
404492 
4 09*99 
407900 
409595 
4***83 
412964 



37*728 
374565 

376394 
378216 
380030 



381837 

383636 

3854*7 
387212 

388989 



390758 
39*521 

394*76 
396025 

397766 



42439* 
426023 

427644 
429268 
'430881 



432488 
434090 
435685 
437275 
438859 



440437 
442009 

443576 

445*37 

446692 

7 



416308 
417970 

4*96*5 
4***75 
422918 



426186 
42781 I 
4*94*9 
43*04* 



43*649 
434*49 
435844 
437433 
4390*7 



,440594 
442166 

44373* 
445*9 

44" 



l^ 



390501 
401228 
402949 
40J.603 
406370 
408070 
409764 

4**45* 
413132 
414806 



4*6474 
4*8*35 
4*979* 
4*'439 
423082 



4*47*8 
426349 

427973 
42959* 
43**03 



43*809 
434409 
436003 
43759* 
439*75 



,44075* 
44*323 
443888 
445448 
447003 



Digitized by 



Google 



LjO GJ R it ff M S: 



35 



448o§8 

449^33 
451172 

452706 
454235 



i^js: 



280 
281 

fe82 
283 
384 

285 
f286 
287 
288 
389 
290 
291 
292 
293 
294 



295 
296 

29f 

^98 

300 
301 
30a 

303 



305 
306 

•307 

ao8 
309 



447158 
448706 
450249 

45i'786 

453318 

454845 

456366 

457882 

45939* 
460898 



462398 

463P93 
465383 
466868 
468347 



469822 
471292 
472756 
474216 
47567 t 



477121 
478566 
480007 

4JR2874 



4*4300 
48574' 

♦!Z'38 
488551 

489958 



310 

3" 

312 

3«3 

3»4 



3*5 
316 

317 
3«* 
219 
320 
321 
322 
323 
3»4 



491362 
492760 
494155 
49S544 
496930 



447313 
448861 
450403 
451940 
453475 

454997 
456518 

458033 

459543 
461048 



4983" 
499687 

501059 
S02427 

503791 



505150 
506505 
507856 
509202 

SIO545 



462548 
464042 

465532 
467016 
468495 

469969 

471438 
472903 

474362 
475816 



477266 
47871 I 
480151 
481586 
4^or6 
48444a 
485863 
487280 
488692 
490099 



447468 
449015 

450557 
452093 

453624 

455 149 

456670 

458184 
459694 
461198 



462697 
464191 
465680 
467164 
468643 



491502 
492900 
494204 
495683 
497068 



498448 
499824 
501196 
502564 
503927 



505286 
506640 
507991 

509337; 
510679 



4701 16 
471585 

473049 
474508 

475694 
4774" 
478855 
J0294 
481729 

483159 



484584 
486005 

488833 
490239 



3 

447623 
449170 
450711 

452247 
453777 
455302 
456821 

458336 
459845 
461348 
462847 

464340 
465829 
467312 
468790 



470263 

471732 

473195 

474653 
4.76107 



491642 
493040 

494433 
495822 
497206 



498586 
499962 

501333 
502700 

504063 



505421 

506775 
508125 

50947? 
510813 



477555 
478990 

480438 
481872 
4^302 

484727 
486147 

487563 
488973 
490380 



491782 

493*79 
494572 
495960 
497344 



447778 

449324 
450865 
452400 
453930 
455454 
456973 
458487 
459995 
461498 

462907 
464489 
465977 
467460 
468938 



5 



498724 
500099 
501470 
502837 
504199 



470410 
471878 
473341 
474799 
476252 
477700 

479*43 
480582 
482016 
483445 
484869 
486289 
487704 
4891 14 
490520 
491922 

4933»9 

4947" 
496009 

497482 

498862 

500236 

501607 

502973 

^504335 



447933 
449478 

451018 

452553 
454082 

455606 

457*25 
458638 
460146 
461649 

463146 

464639 
466126 
467608 
469085 

470557 
472025 

473487 
474944 
476397 



477844 
476287 
480725 
482159 

483587 



505557 
506911 

508260 

509606 



505692 
507046 

508395 
509740 



510942 5££08][ 



48501 I 
486x30 

487845 
489255 

490661 



455758 
457276 

458789 

460296 

461799 

463296 

464787 

466274 

467756 
469233 



448242 

449787 
45*326 
452859 

454387 



470704 
472171 

473633 
475090 
476542 



492062 

493458 
494850 
496237 

497621 



498999 
500374 

50*744 
503109 

505828 
507181 

5o8«3o 

509874 
5**215 

l5^ 



477989 
47943* 
. J0869 
482302 
483230 

485*53 
486572 
487986 

489396 
490801 



455910 
457428 
458940 

460447 
461948 



463445 
464936 
466423 

467904 
469380 



448397 
44994* 
45 '479 
453012 
454540 



456062 
457579 

45909* 
460597 

462098 



470851 
4723*7 
473779 
475235 
476687 



478133 
479575 
481012 
482445 
483872 



492201 
49359^ 

494989 
4963:^6 

497759 



499*37 
500511 

501880 

503246 

504607 



505963 
507316 
508664 
510008 
5*1348 



485295 
486714 
488127 

4*9537 
49094* 

49234* 

493737 
495128 

496514 
497897 



463594 
465085 
466571 
468052 
469527 
470998 
472464 

473925 
475381 
476832 



_9_ 

44^55' 
450095 

45 '635 
453*65 
454697 

456214 

457730 
459242 
460747 
462248 

463744 

465234, 

466719* 

46820c 

469675 



478278 

4797*9 
481156 

482588 

484015 



499275 
500648 

502017 

503382 

504743 



506099 

50745* 
508799 

5*0143 
5**482 



486855 
488269 

489677 
491081 

492481 
493876 
495267 
496653 

498035 



4994*2 
500785 
502154 

5^35*8 
504878 

50623X 
507586 
508933 
5*0277 
511&16 



47**45 
472i6io 

474P70 
475526 
47697^ 
478422 
479863 
48i;299 
482731 
4*4*57 

4*5579 
4*6^97 
488410 
4^9818 
491&22 

492621 
494i>i5 
495406 
496791 

498*73 
499550 
500922 
502290 

503654 
505014 



506370 
507721 
509068 
510411 

5**750 
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No. 

325 
326 

'^ 

329 
330 
331 
332 
333 
334 

IP 
1% 

339 
340 
341 
342 
343 
344 

349 
350 
351 
352 
353 
254 

356 

35Z 
358 

359 

360 

361 

362 

363 

364 

$1 
369 




5ii88| 
513210 
514548 

515874 
517196 

519828 
52II38 

522444 
523746 

525045 

526|39 
527630 
528917 
530200 

531479 
532754 
534026 

535294 
536558 

537819 
539076 

540329 

541579 
542825 

544068 
545307 
546543 
547775 
549003 

550228 

553883 

555094 

556302 

S57507 
558709 

559907 
561 101 

562203 

563481 
564666 

565848 
567026 




I 
512017 

513351 
514680 
516006 
517328 

518645 

519959 
5.21269 
522C75 
523876 

525174 
526468 

527759 
529045 
530328 

531607 
532882 

534153 
535421 
536685 

537945 
539202 

540455 
541704 
542950 

544192 

5466^6 

547898 
549126 

550351 
551572 
552790 
554004 

555215 
556423 

558828 
560026 
561221 

562412 
563600 

565966 
567144 

I 


2 
512150 
513484 
514813 
516139 
517460 

518777 
520090 
521400 
522705 
524006 

525304 

529174 
530456 

531734 
533009 
534280 

535547 
536811 

538071 

539327 
540580 

541829 

543074 

544316 

546789 
548021 

549249 

550473 
551694 

552911 
554126 

555336 

556544 
55Z748 
558948 
560146 
561340 

562531 
563718 
564903 
566084 
567262 
2 


3 
512284 
513617 
514946 
516271 
517592 
518909 
520221 
521530 
522835 
524136 

5*5433 
526727 
528016 
529302 
530584 
531862 
533136 
534407 
535674 
5|6937 

538197 
538452 
540705 
541953 
543199 
544440 
545678 
546913 
548144 
549371 

550595 
551816 

553033 
554247 
555457 

1'^ 

559068 
560265 

561459 
562650 

563837 
565021 
566202 
567379 
3 


4 

512417 
513750 
515079 
516403 
517724 

519040 
520352 
521661 
522966 
524266 

528145 
529430 
530712 

531989 
533263 

534534 
535800 

537063 
538322 

539578 
540830 
542078 
543323 

544564 
545802 
547036 
548266 
549494 

550717 
551938 

555578 

556785 
557988 
559188 
560385 
561578 

562768 

563955 
565139 
566320 

567497 


5 

5"55' 
513883 
515211 
516535 
517855 

519171 
520483 

521792 

5*3096 

524396 

&s 
5*8274 

5*9559 
530840 

53*117 
533391 
534661 

5359*7 
537189 
538448 
539703 
540955 
542203 

543447 
544688 
545925 
547159 
548389 
549616 

550840 
552059 
553275 

555699 

556905 
558108 
559308 
560504 
561697 

562887 
564074 

565257 
566437 

567^4 

^5^ 


6 
512684 
514015 

l\m 

517987 

519303 
520614 
521922 
523226 
524526 

525822 
527114 
528402 
529687 
530968 

53*HS 
533518 
534787 
536053 
537315 

539^*8 
541080 

5423*7 
54357' 
544812 
546049 
547*82 
54851* 
549739 
550962 
552181 

553397 
554610 
5558*0 
557026 
558228 
559428 
560624 
561817 

563006 
564192 
565375 
566555 
567732 

6 


512818 
514149 

516800 
518119 

519434 
5*0745 
522053 

524656 

5*5951 
5*7*43 
5*8531 
529815 

531095 
53*37* 
533645 
534914 
536179 
537441 
538699 

539954 
541205 

S^ 

544936 
54617* 
547405 
548635 
549861 

551084 
55*303 
553519 
554731 
555940 

557146 
558348 
559548 
560743 

561936 

5631*5 
564311 

'^ 

567^49 
7 


512951 
514282 
515609 
516932 
518251 

519565 
520876 
522183 
523486 
524785 
526081 

528660 
529943 
531**3 
53*500 
53377* 

537567 

538825 
540079 

541330 
54*576 
5438*0 

546296 

549984 
551206 

55*4*5 
553640 

556061 
557266 
558469 

56*055 
563244 
564429 
565612 
56679J 
567967 
8 


9 
5130*4 
514415 
515741 
517064 
518382 

519697 
521007 
522314 
523616 
524915 


526210 

530072 
531351 
93*627 
533899 
535167 
53643* 
537693 


538951 
540204 

541454 
54*701 
543944 

5451*3 
546419 

?M 

550106 

5513*8 
55*546 
55376* 

556182 


557387 
558589 
559787 
560982 

562174 


563362 
564548 
565730 
566909 
568084 

9 


4 
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NST 

370 
37* 
372 
373 
374 

375 
376 
377 
378 
379 
380 

382 

III 

389 
390 
39* 
392 
393 
324 

396 
397 
398 
399 
400 
401 
402 

403 
404 

405 
406 
407 
408 
409 
4JO 
411 
4*2 

4*3 
414 





I 


2 


3 4 1 


5 
568788 
569959 
571126 
572291 
573452 


6 


7 

569023 

570*93 

57*359 

572523 

573684 

574841 

575996 

577*47 
578295 

57944' 

580583 
581722 
582858 

583992 
585122 


8 

569140 
570309 

57*476 

572'-39 
573800 


9 

569? 5-/ 
57042(. 

571592 
572-51 
573915 

57507- 
57C22C 

577377 
578525 
57966^ 

580811 

5819SC 
583085 
584218 
58534^ 

586475 
587599 
58§729 
589838 
590953 
592066 

593*75 
594282 

595386 

596487 

59Z|8S 
598681 

599774 
600864 
601951 

603036 
6041 if; 
605197 
606274 
607348 

608419 
609488 
610554 
611617 
61267S 
613736 
614792 
615845 
616895 
617943 


568202 
569374 

570543 
571709 

572872 


568319 

56949* 
570660 

572988 


568436 
569608 

570776 
57*942 
573*04 
574263 
5754*9 
576572 
577721 
578868 


568554 
569725 
57C893 
572058 

573220 


568671 
569842 
57ioro 

572*74 
573336 


568905 
570076 

57*243 
572407 

S7356ii 


57403* 
575*88 

57634* 
577492 
578639 


574*47 
575303 
576456 
577607 

578754 


574379 

576687 
577836 
578983 


574494 
575650 
566802 
57795* 
579097 


574610 
575765 

578066 
579212 


574726 
575880 

577032 
578181 

579326 


574957 
5761 11 

577262 

5784*0 

579555 

580697 

581836 

582972 

584105 

585235 

586362 

588608 
589726 
590842 


579784 
58092s 
582063 

583*99 
58433* 

586587 

588832 
589950 


579898 
58*039 
582177 
5833*2 
584444 


580012 

581153 
582291 

583425 
584557 


580126 
581267 
582404 

583539 
584670 


580240 
581381 
582518 
583652 
584783 


580355 

581495 
582631 

584896 

586024 

587149 
588272 

58939* 
590507 


580469 

581608 

582745 

583879 
585009 

586117 
587262 

588384 
589503 
590619 


585573 
586700 
587823 

588944 
590061 


585686 
586812 

587935 
589055 
590173 


585799 
586925 

588047 

589167 

590284 


5859*2 

589279 
590396 


586250 

58^496 
589614 
590730 


59*065 

592177 
593286 

594392 
595496 


591176 
592288 

593397 
594503 
595606 


59*287 

592399 
593508 

594613 
5957*7 


59*398 
5925*0 
5936*8 
594724 
595827 


59*5*0 
592621 

593729 
594834 
595937 
597037 
598134 
599228 
600319 
601408 


591 62 I 

592732 

593840 

594945 
596047 

597*46 
598243 

599337 
600428 
601517 


59*732 
592843 
593950 
595055 
596157 
597256 
598353 
599446 
600537 
601625 
602711 
603794 
604874 

605951 
607026 


59*843 

592954 
594061 

595*65 
596267 


59*955 
593064 

594*7* 
595276 

596377 
597476 
598572 
599665 
600755 
601843 
602923 
604010 
605089 
606166 
607240 
608312 
609274 
610341 
61 1405 
612466 

613525 
614581 
615634 
616685 
617734 
8"" 


596597 
59769s 
598790 
599883 
600973 


596707 

597805 
598900 

599992 
601082 


596817 
5979*4 
599009 
600101 
601190 


596927 
598024 

599**9 
600210 

601299 

602386 
603469 
604550 
605628 

606704 


597366 
598462 

599556 
600646 

601734 
602819 
603902 
604982 
606059 

607133 
608205 
609381 
610447 
611511 
612572 


602060 

603144 
604226 
605305 
606381 


602168 
603253 
604334 

606489 


602277 
603361 
60444a 
605520 
606596 


602494 
603577 
604658 
605736 
6068 I I 


602602 
603685 
604766 

6069J8 


608526 

609594 
610660 

611723 


607562 
608633 
609701 
610767 
61 1829 


607669 
608740 
609808 
610873 
611936 


608847 
609914 
610979 
612042 


607884 
608954 
610021 
611086 
612148 

613207 
614264 
615319 
616370 
617420 


607991 
609060 
610128 
611192 
612254 


60809S 
609176 
610234 
611298 
612360 

6134*9 
614475 
615529 
616580 
617629 

~6~ 


612784 
613842 
614897 
615950 
617000 


612890 

613947 
615003 
616055 
617105 

I 


612996 
614053 
615108 
616160 
617210. 


613102 
614159 
615213 
616265 

,6173*5 


6133*3 
614370 

615424 
616475 

617524 


613630 
614686 
615740 
616790 
617839 

7 







2 


1 3 


4 


5 


9 J 
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•R5 
4.16 

+'7 
tit! 

+29 

4.20 
;2i 

j22 

P4 

426 

428 
429 

430 
431 
432 

433 
134 
435 
43^ 
437 
43!^ 
439 
44.0 
441 
442 

443 
4J4 

445 
446 

447 
448 

449 
450 

45' 

452 
453 

155 
456 

+57 
+5« 
+59 
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460 
461 
462 

463 
464 

465 
466 

468 
469 
470 

471 
47* 
473 
474 

476 

%i 

479 
480 
481 
482 

483 
484 

489 

490 
491 
492 
493 
494 

496 
498 

t99 

500 
^01 
<:02 

503 
t04 




662758 

663701 
664642 

665581 
666518 

667453 
668386 
669317 

670246 

67II73 

672098 
673021 

675778 

676694 

%l% 

679428 
680335 

68I24I 
682145 
683047 

'&i 

685742 
686636 
687529 

688420 
689309 

690T96 
691081 
691965 

692847 
693727 

"694605 
695482 
696356 

697229 
698100 
691970 
1 699838 
700704 
701568 
702430 




I 

662852 

663795 

AA*I36 
665675 

666612 
667546 

668479 

669410 

670339 

671265 

672190 

673"3 
67403+ 

674953 
675870 

676J85 

678609 
679519 
680426 
681332 
682235 
683137 
684037 
684935 

685831 
686726 
687618 
688509 
689398 
690285 
691 170 
692053 
692935 
693815 
694693 

695569 
696444 
697316 
698188 

699057 
699924 
700790 
701654 
702517 
I 


2 
662547 
663889 
664830 
665768 
666705 

667640 
668572 
669503 
670431 
671358 

672283 
673205 
674126 

675045 
675961 

676876 
6777S9 
678700 
679610 
680517 

681422 
682326 
683227 
684127 
685025 

685921 
686815 
687707 
688598 
689486 

690373 
691258 
692142 
693023 
693903 
694781 

695657 
696531 

697404 

698275 

699144 
700011 
700877 
701741 
702603 
2 


_3_ 

663041 
663983 
664924 
665862 
666799 

tm. 

669596 
670524 
671451 

672375 
673297 
674218 
675136 
676053 
676968 
677881 
678791 
679700 
680607 

681513 
682416 

683317 
684217 
685114 
686010 
686904 

68??§7 

689575 

690462 

691347 
692230 

6931 11 

693991 

694868 

697491 
698362 

699230 
700098 
700963 
701827 
702689 

3 


4 

5^^'35 
664078 
665018 
665956 
666892 
667826 
668758 
669689 
670617 
671543 
672467 

673390 
674310 
675228 
676145 

677059 

678882 

680698 
681603 
682506 
683407 
684307 
685204 

686100 
686994 
687885 
688776 
689664 

690550 

69*435 
692318 
693199 
694078 

694956 

696706 

698448 
699317 
700184 
701050 
701913 
702775 

4 


5 
663230 
664172 
665 1 12 
660050 
666986 
667920 
668852 
669782 
670710 
671636 

672560 
673482 
674402 
675320 
676236 

678063 

678973 

679882 

680789 

681693 

682596 

683497 

684396 

685294 

686189 

687083 

687975 
688865 

689753 

690639 

691523 

692406 

694166 

695044 

695919 

696793 
697665 

698535 

699404 
700271 
701136 

701099 
70286 I 

5 


6 
66>324 
664266 
665206 
666143 
067079 

668013 
668945 
669874 
670802 
671728 
672652 
673574 
674494 
675412 
676328 

677242 
676154 
679064 

679973 
680879 

681784 

682686 

683587 

684486 

685383 

686279 

687172 

688064 

688953 

689841 

690727 

691612 

692494 

693375 
694254 

695131 
696007 
696880 

'mi 

699491 

700357 
701222 
702086 
702947 

6 


7 
663418 
664360 
665299 
666237 
667173 

668106 
669038 
669967 
670895 
671821 

672744 
673666 
674586 

675503 
676419 

677333 
678245 

679155 
680063 
680970 

681874 
682777 
683677 
684576 
685473 
686368 
687261 
688153 
689042 
689930 
690816 
691700 
692383 

693463 
694342 

695219 
696094 
696068 
697839 
698709 

699578 
700444 
701309 
702172 

703033 
7 


8 

663512 
664454 

665393 
666311 

667266 

668199 
669131 

670060 
670988 
671913 

672836 

673758 
674677 

675595 
676511 

677424 
678336 
679246 
680154 
681060 
681964 
682867 
683767 
684666 
685563 
686457 

688242 
689131 
690019 

690905 
691788 
692671 

693551 
694430 
695306 
696182 

697055 
697926 

698796 
699664 
700531 
701395 
702258 
703119 

8 


.._§_ 

663607 
664548 
665487 
666424 
667359 
668293 
669224 
670153 
671080 
672005 

6729T9 
6730*50 
674769 

676602 
677516 

678427 

681151 
682055 

^683857 
684756 
685653 

686547 
687440 
688331 
689220 
690107 

690993 
491877 
692759 

693639 
694517 

695394 
696269 
697142 
698013 
698883 
699751 
700617 
701482 

702344 
703205 

1 ;9 
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505 
506 

;5o8 

509 

;5io 

5" 

512 

519 
520 
521 
522 

5*3 

524 
525 

526 

527 
528 

529 

530 
531 
532 

533 
534 
535 
536 
•537 
538 
539 
540 
541 
542 
543 
544 

545 
546 

'si 

549 





I 


2 


3 

703549 
704408 
705265 
706120 
706974 


4 

703635 
704494 
705350 
706205 

707059 
707911 
708761 
709609 
710456 
711301 


5 


6 


7 
703893 
704751 
705607 
706464 

707315 


8 


9 

704065 
704922 

707485 


703291 
704150 
705008 
705864 
706718 


703377 
704236 

705094 
705949 
70O803 
707655 
708506 

709355 
710202 
711048 


703463 
704322 
705179 
706035 
706888 


703721 
704579 

705436 
706291 
707144 


703807 
704665 
505522 
706376 
707229 


703979 
704837 

705693 

^06547 

707400 

708251 
709100 
709948 

710794 
711638 


707570 
708421 
709270 
710117 
710963 

711807 
712650 
713490 
714330 
715167 


707740 
708591 

709440 
710287 
711132 
711976 
712818 
713658 

7»4497 
7I53i_5 
716170 
717004 

718668 
719497 
720325 
721151 
721975 
722798 
723620 


707826 
708676 

709524 
710371 
711216 


708846 
709694 
710540 

711385 


708081 
708931 

709779 
710625 

711470 


708166 
709015 
709863 
710710 
711554 


708336 
709185 
710033 
710879 
711723 


711891 
712734 

713574 
714414 

715251 
716087 
716921 

717754 
718585 
719414 

720242 
721068 
721893 
722716 
723538 


712060 
712902 
81374* 
714581 
715418 


712144 
712986 
713826 
714665 
715502 

716337 
717171 
718003 
718834 
719663 


712229 

713070 
703910 

714749 
715586 


712313 
713154 
7 '3994 
714832 
7x5669 


712397 

713238 
714078 

714916 

715753 


712481 
713322 
714162 
715000 
715836 
7 1667 I 
717504 
718336 
719165 
719994 


712565 
713406 

714246 
715084 
715920 


716003 

716838 
717670 
718502 
719331 


716254 
717088 
717920 
718751 
719580 


716421 

718086 

718917 
719745 


716504 
717338 
718169 
719000 
719828 


716588 
717421 
718253 
719083 
719911 
720738 
721563 

722387 
723209 

724030 


716754 
717587 
718419 
719248 
720077 

720903 
721728 
722552 
723374 
724194 


720159 
720986 
721811 
722634 
723456 

724276 
725094 
725912 
726727 
727541 


720407 
721233 
722058 
722881 
723702 


720490 
721316 
722140 
722963 
723784 
724603 
725421 
726238 
727053 
727866 

728678 

729489 
730298 
731105 

7319" 

732715 
733518 
734320 
735120 
735918 


720573 
721398 
722222 

72304s 
723866 


720655 
721481 
722305 

723127 
723948 


720821 
721646 
722469 

723291 
724112 


724358 
725176 

725993 
726809 
727623 


724440 
725258 
726075 
726890 
727704 


724522 
725340 
726156 
726972 
727785 


724685 

725503 
726320 

727134 
727948 


724767 
725585 
726401 
727216 
728029 


724849 
725667 
726483 

727297 
728110 


724931 
725748 
726564 

727379 
728192 


725013 

7^1^30 
726646 
727460 
728273 


728354 
729165 
729974 
730782 

73i5l9 
732394 
733»97 
733999 
734800 

735599 
736396 
737193 
737987 
738781 
.739572 


728435 
729246 

730055 
730863 
731669 


728516 
729327 
730136 

730944 
731750 


728597 
729408 

730217 
731024 
731830 


728759 
729570 
730378 
731186 
731991 
732796 
733598 
734400 
735200 
735998 


728841 
729651 

730459 
731266 
732072 


728922 

729732 
730540 

731347 
732152 


729003 

729813 
730621 

731428 

732233 


729084 
729893 
730702 
731508 

732313 


732474 
733277 

734880 
735679 
736476 
737272 
738067 
738860 
739651 


732555 
733358 
734159 
734960 
735758 

736556 
737352 
738146 

738939 
739730 


732635 
733438 
734240 
735040 
735838 

736635 
737431 
738225 
739018 
739810 


732876 

733679 
734480 

735279 
736078 


732956 

733759 
734560 

735359 
736157 


733037 

733839 
734640 

735439 
736237 

737034 
737829 
738622 

739414 
740205 

8 ' 


733117 
733919 
734720 
735519 
736317 


736715 

7375" 
738305 
739097 

4 


73679s 
737590 
738384 
739177 
739968 


736874 
737670 

738463 
739256 

740047 


736954 

737749 

738543 

739335 
740126 
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737113 
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738701 

739493 
740284 
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556 
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559 
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564 

56i 
566 

1^ 

569 

570 

57* 
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576 
577 
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582 
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589 
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593 
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740363 
74**52 

74*939 
742725 

7435*0 

744293 
745075 
745855 
746634 
747412 

748188 
748963 
749736 
750508 

75*279 


I 
740442 
74*230 
742018 
742804 
743588 

74437* 
745*53 
745933 
746712 

747489 
748266 
749040 
749814 
750586 
75*356 
752125 

752893 
753660 

754425 
755*89 

75595* 
756712 

757472 
758230 
758988 

759743 
760498 
761251 
762003 
762754 

763503 
764251 

764998 

766487 
767230 

767972 
768712 

7694s* 
770189 

770926 
771661 

772395 
773*28 
773860 
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■ "7 
740915 

74*703 
742489 
743275 
744058 

744840 
745621 
746401 

747*79 
747955 

74873* 
749504 
750277 
751048 
751818 

752586 
753353 

75+"9 
754883 
755646 

756408 
757*68 

]Ws 

759H* 
760196 
760950 
761702 

762453 
763203 

763952 
764699 
765445 
766190 

766933 
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740521 

741309 
742096 

742882 

743666 

744449 

74523* 
74601 I 

746790 

747567 

748343 
749**8 
749891 
750663 

75*433 
752202 
752970 
753736 
754501 
755265 

756027 
756788 
757548 
758306 
759063 


740599 
741388 

742175 
742961 

743745 


740678 

74*467 
742254 

743039 
743823 

744606 

745387 
746*67 

746945 

747722 


740757 
74*546 
742332 
743**8 
743902 
744684 

745465 
746245 
747023 
747800 
748576 
749350 
750123 
750894 
75*664 

752433 
753200 
753966 
754730 
755494 
756256 
757016 
757775 
758533 
759290 


740836 
74*624 
742411 
743*96 
743980 


740994 
741782 
742568 
743353 
744136 

7449*9 
745699 

746479 
747256 
748033 
748808 
749582 
750354 
75**25 

75*895 
752663 
753430 
754*95 
754960 
755722 

756484 
757244 
758003 
758761 

7595*7 
760272 
761025 

76*778 
762520 
763278 
764027 

764774 
765520 
766264 
767007 

767749 
768490 

770705 
77*440 

772*75 
772908 

773640 

77437* 
8 


74*073 
741860 
742647 

74343* 
74421S 


744528 

745309 
746089 

746868 

747645 

748421 

749*95 
749968 
750740 
75*5*0 
752279 
753047 
7538*3 
754578 
75534* 
756103 
756864 
757624 
758382 
759*39 


744762 
745543 
746323 
747101 

747878 

748653 
749427 
750200 
750971 
75*74* 


744997 

746556 

747334 
7481 lO 


748498 

749272 
750045 
750817 
75*587 


748885 

749659 
75043* 
751202 

75*97^ 

752740 
753506 
754272 
755036 

755799 
756560 
757320 
758079 
758836 
759592 
760347 
761101 

761853 
762604 

763353 
,764102 
764848 
765594 

767082 

76782;^ 
76856 

769303 
770042 

770778 

77*5*4 
772248 
772981 

7737*^ 
774444 


752048 
752816 

753583 
754348 
755112 

756636 
757396 
758*55 
7589*2 

759668 
760422 
761176 
761928 
762679 

763428 
764K76 
764923 
795669 

766413 
7^7*56 

]^» 

769377 
770**5 
770852 

77*587 
772322 

773055 
773786 


752356 
753*23 
753889 
754654 
7554*7 
756180 
756940 

7592*4 
759970 
760724 
761477 
762228 
762978 
763727 

764475 
765221 
765966 
766710 


752509 

753277 
754042 

754807 

755570 

756332 

757092 

758609 
759366 
760121 
760875 
761627 
762378 
763128 

763877 
764624 
765370 
766115 
766859 
767601 

768342 
769082 
769820 

770557 

77*293 
772028 

772762 

773494 

7742*5 
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759819 

760573 
761326 

762078 

762829 

763578 
764326 

7^5072 
765818 
76656a 

768046 
768786 

769525 

770263 

770999 

77*734 
772468 

773201 

773933 
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759894 
760649 
761402 

762153 
762904 

763653 
764400 

765147 
766636 


760045 
760799 
761552 
762303 
763053 
763802 
764550 
765296 
766041 
766785 

768268 
769008 
769746 
770484 


767379 
768120 
768860 
769599 
770336 

77*073 
771808 
772542 

773274 
774006 

3 


767453 
768194 

770410. 

771881 
772615 

773348 
774079 

4 


069894 
770631 

77*367 
772102 

772835 
773567 
774298 

7 


771220 

772688 
773421 
774*52 
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595 
596 

597 

599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 

610 
611 
612 
613 
614 
611 
616 
617 
618 
619 

620 
621 
622 
623 
624 

625 
626 
627 
628 
629 
630 
631 

632 

633 
634 

63s 
636 

637 
638 

^39 



774517 
775246 

775974 
776701 

777427 



778151 
778874 
779596 
780317 
781037 

781755 
78247 < 

783189 

783904 

784617 

785330 
7816041 

786751 
787460 
788168 
788875 
789581 
790285 
790988 
791691 
7912392 
793092 

793790 
794488 

795185 

7'9588o 
796574 
797268 
797960 
798651 

799341 
8c(oo29 

8907 tf 
Soliioi 
!:i<>2og$ 



80277A 

8034^? 
804139 

804821 
805501 



774590 

775319 
776047 
776774 

777499 
778224 

778947 
779669 

780389 

781169 

781827 

782544 
793260 

y»3975 
794689 

785401 
7861 12 
7868i22 

787531 
7882^ 

788946 
789651 
790356 
791059 
791761 



792462 
793162 
793860 

794558 
795^^.4 

795949 
796644 

797337 
798029 

798720 

799409 
800D98 
"8c|0786 

^1'472 
•8c}2i58 

8^2842 
803525 
834208 
804889 

■8^569 



774663 

775392 
776120 
776846 

77757? 
778296 
779019 

779741 
780461 
781181 

781899 
782616 

783332 
784046 
784760 

785427 
786183, 
786893 
787602 
78^310 

789016 
789722 
790426 
791 129 
79 '83' 

79253* 
793231 
793930 
794627 

Z?.531fl' 
7960*9 
796713 
797406 
708008 
798789 

7994-78 
800167 
8"oo854 
801541 
^,o^i6 

802910 
803594 
804276 
804957 

805*37. 
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__3_ 

774736 

775465 
776193 
776919 
77^44 
778368 
779091 

779813 

780533 
781253 

781971 
782688 

783403 
784118 
7^4831 

785543 
786254 
786964 
787673 
788381 
789087 
789792 
790496 

791199 
791901 

792602 

793301 
794000 
794697 

795393 
79i6o88 
796782' 

797475 
798167 

7988_5_8 

799547 
800236 

800923 

801609 

"80Z295 

802979 
803662 
804344 
805025 
805705 



4_ 

774809 

775538 
776265 
776992 

777717 



778441 
779163 
779885 
780605 
7813H 
7X2042 
782759 

783475 
784189 
784902 
7"8T675 
786325 

787035 
7«7744 
788411 

789157 
789863 
790567 
791269 

79197.1 
792672 

793371 

794070 

794767 
795463 
796158 
796852 

797545 
79'>236 
798927 

799616 
800 '«>5 
&00992 
801678- 
^023 63' 

803047 
803730 

804 rl 2 
805O9J 
805773 



774882 
775610 

776338 
777064 
777789 

778513 
779236 

779957 
780677 

781396 

782114 

782831 

783546 
784261 

784974 



785636 
786396 
787106 

787815 

788522 

789228 

789933 
790637 
791340 
792041 
792742 
793441 

794139 
794836 

795.5J.2 
796227 
796921 
705614 
798305 
798996 

799685 
80037? 
801060 
801747 
8P2432 
803116 
8)3798 
804480 
805161 
83584Q 



774955 
775683 
77641 I 

777137 
777862 

7787J5 
779308 
780029 
780749 
781468 
78-! 1 86 
782902 
783618 
784332 
785045 

785757 
686467 

787177 
78788s 
788593 

789299 
790003 
790707 
791410 

702111 

792812 

993511 
794209 
794906 
795602 



796297 
796990' 

797683 
79^^74 

799065 

799754 
800442 
801129 
'>oi8r5 
802500 
803184 
803867 
80+548 

:aS2a9 
805908 

"6— 



775028 

775756 

770483 
777209 

777934 

778658 

779380 

780101 

780821 

781540 

782258 

782974 

783689 

784403 

785116 

785828 

786538 

787248 

787956 

788663 

789369 

790074 j 

790778 

791480 

792181 

792882 

793581 
794279 
794976 
795671 

796366 
797060 
797752 
798+43 
799134 



775100 
775829 

776556 
777282 
778006 

778730 
779452 
780173 
780893 
781612 



799823 
800511 
801198 
8on84 
802568 

803252 

803935 
804616 
805297 
805976 



782329 

783046 

783761 

784475 

785187 

785899 
786609 

787319 
788027 

78871^ 
789 HO 
790144 
790848 
791550 
792252 
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792952 
793651 
794349 
795045 
795641 

796436 
797129 
797821 
79851 J 
799203 
799892 
800580 
801267 
801952 
802637 

80332 I 
804003 
804685 

805365 
806044 

'~8~ 



775173 
775902 
776629 

777354 
778079 

778802 

779524 

780245 

780965 
781684 



782401 

783117 
783832 
784546 
785259 

785970 
786680 
78/390 
788098 
788804 



789510 
790215 
790918 
791620 

75«322 



793022 
793721 
794418 
795115 
79581c 



796505 
797198 
797890 

7985b2 
799272 
799960 
800648 
801335 
802021 
80270;; 



803389 
804071 

804753 

80543J 
8c36ii:i 
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640 
641 
642 

643 

644 
645 
646 
647 
548 
649 

650 

651 

652 
653 

658 
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660 
661 
662 
663 
664 
665 
666 
667 
668 
669 

670 
671 
672 

^73 
674 

67s 
676 
677 
678 

679 
V80 
681 
682 
587 
6»4 



806180 
806858 

807535 
80821 I 
8^886 

809560 
810232 
810904 
811575 
812245 
812913 
313581 
814248 
814913 
815578 
816241 
816904 
817565 
818226 
8_i8885 
8x9544 
820201 
820858 
821513 
822168 

822822 

823474 
824126 
824776 
825426 

826075 
826722 
827369 
828015 
828660 

829304 
829947 
830589 
831230 

831870 
832509 

833*47 
833784 
834421 
835056 



r_'— 

806248 

806926 
807603 
808279 
808953 

809627 
810300 
810971 
811642 
812312 
812980 
813648 

814314 
814980 
815644 

8T6308 
816970 
817631 
818292 
818951 



819610 
820267 1 
820924 
821579 
822233 

822887 
823539 

8241 9 I : 
824841 . 
825491 

826140 
826787: 

827434 : 

828080 : 
828724.; 

829368 : 
83001 I ! 

930653 ; 
831294 j 
83^934 

832573 
833211; 
833848 

834484 
835120 
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806316 
806994 
807670 
808346 
809021 
809694 
810367 
811038 
811709 
812378 
813047 

8137H 
8143S1 
815046 
815710 

816374 
817036 
817698 
818358 
819017 
8196^ 
820333 
820989 
821644 
822299 

822952 
823605 
824256 
824906 
825556 
826204 
826852 
827498 
820144 
^28789 

829432 
830075 
830717 

^3nS^ 
831998 
83^637 

833275 
833912 

834548 

835183 



__3_ 
806383 
807061 

807738 
808414 
809088 

809762 
810434 
81IIOO 
81I776 

8jr2445 
8131J4 
813781 
814447 
815113 
8£5777 

816440 
817102 
817764 
818424 
819083 

819741 
820398 
821055 
821710 
822364 

823017 
823670 
824321 
824971 
825621 

826269 
826917 
827563 
828209 
828853 



829497 

830139 
830781 

831422 

832062 



832700 
833338 
833975 
834611 

835246 



_4_ 
806451 
807129 
807806 
808481 
809155 
809S29 
810501 
811173 
811843 
812512 
8 1 31 80 
8i33:,8 
814514 
815179 
S15843 

816506 
817169 
817830 
818490 
819149 

8T9807 
820464 
821 120 
821775 
822430 

823735 
824386 
825036 
82568b 
826334 
826981 
827628 
828273 
828918 



829561 
830204 

830845 
831486 
832125 



832764 
833402 

834039 
834675 
835310 



_5_ 

80051.^ 
807197 
.S07873 
80854': 
809223 

809896 
81056S 
3 1 1 240 
811920 
82257Q 

^'H7 
813914 
814580 
815246 
015910 

817235 

817896 

818556 

8I92I5 



019873 

820530 
82II86 
82I84I 
822495 
823148 
823800 
824451 

825IOI 

825751 

826399 
827046 
827692 
828338 
828982 



829625 

830268 
830909 

831550 
832189 

832828 
833466 
834103 

834738 
835373 



_6_ 

8065S7 
807264 
807911 
3o85i6 

809290 

809963 
810636 
811307 
S11977 
0126,6 

813981 
81:5647 
8I53I2 

815976 
816639 

817301 

817962 
818622 
819281 

819939 
820595 

821251 
821906 
822560 



823213 

823865 
824516 
825166 
825815 

826464 
827111 

827757 

828402 
829046 



829690 

830332 

830973 
83I6I4 

833253 

832892 

833530 
834166 
834802 

835437 



806655 

•>07332 
3o8co8 
808683 
^3s8 
81COJ1 
810703 

812044. 
^127 1.3 
J13381 
014048 
814714 

8^5378 
8 1 6042 

816705 
817367 
818028 
818688 
8J9346 
82o:)04 
820661 
821317 
821972 
822626 



8 

806723 
80740c 
808076 
808751 
S09425 

Si CO 18 
81C77C 
811.14X 

3l2ill 

8^^-80 
^13447 

8I4II4 

814780 
815445 

816109 
876^1 

818094 
8.8;54 

8I94I2 
82007c 
820727 
821:82 
822037 



823279 
82393b 

824581 

825231 

825S8O 

826528 
827175 
827821 
828466 
829III 



829754 
830396 
831037 
831678 
832317 



832956 

833593 
834230 
834866 
835500 
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823344 
823996 
824646 
825296 
825945 
826593 
827210 
827886 
828531 
829175 



829818 
830460 
831 102 
831742 
8323^^ I 
833019 

833657 
834293 
834929 

835564 
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9 

806790 
807467 
80814? 
80881 h 
809:9?. 

8ioS^7 
81150^' 
8 1 21 78 
812846 

313514 
814181 
8148.^7 
815511 
8i6j75 

816838 
817409 
818160 
S18819 
819478 
820136 
S20792 
821448 
S22107 
822756 
823409 
824061 
82471 I 
825361 
8 26010 

8256^8 
827305 
f>27950 
828595 
829239 

8^9882 
830524 
831166 
831806 
832415 
833083 
S33721 
834357 

834993 
835627 
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.693 
694 

695 
696 
697 
698 
699 

700 
701 
702 

703 
704 

706 
707 
708 
709 

710 
711 
712 
713 
III 

716 

719 

720 
721 
722 
723 
724 

726 

727 

72fe 

122. 




835691 

836324 
836957 

837588 
838219 

838849 
839478 
840106 
840733 
841359 
841985 
842609 

843233 

843855 
844477 

845098 

845718 

846337 

846955 

847573 

848189 

848805 

849419 

I % 

8 r8 

8 ro 
8 to 
8 (9 
8 )l 

8 >6 

854913 
855519 
856124 
856729 

857332 
857935 
^58537 
859138 

859739 
860338 
860937 
86x534 
862131 
862727 




1 

835754 

836387 
837020 

837652 
838282 

838912 

839541 
840169 

840796 
841422 

842047 
842672 

843295 
843918 

844539 
845160 
845780 

846399 
847017 

847634 
848251 
848866 
849481 
850095 
850707 

851319 

851931 
852541 

853150 

853759 

854367 
854974 

855580 
856185 
856789 

857393 
857995 

858597 
859198 

859798 
860398 
860996 
861594 
862191 
862787 

I 


2 

835817 
836451 
837083 
o377»5 
838345 
838975 
839604 
840232 
840859 
841485 

84x110 
842734 

5*3357 
843980 
844601 

845222 
845842 
846461 
847079 
847696 
848312 
848928 
849542 
850156 
850769 

851381 
851992 
852602 
853211 
853820 
854427 

855034 
855640 

^56245 
856850 

858056 
858657 
^59258 
859858 

860458 
861056 
861654 
862251 
862847 

2 


3 

835881 
836514 
837146 

!3Z778 
838408 

8390|8 
839667 
840294 
840921 
841547 
842172 
842796 
843420 
844042 
844663 
845284 

845904 
846523 

5+7 HI 
847758 

!+!374 
848989 
849604 
850217 
850830 

851442 
852053 
852663 
553272 
853881 

854488 
855095 
855701 
856306 
856910 

5575^3 
858116 
858718 
859318 
859918 

860518 
861116 
861714 
862310 
862906 

3 


4 
835944 

836577 
837209 

837841 
?38_47_i 
839101 
839729 

840357 
840984 

841610 

842235 
842859 
843482 
844104 
844726 

845346 
845966 
846585 
847202 
847819 

848435 
849051 

849665 

850279 

850891 

831503 
852114 

852724 
853333 
853941 

854549 
855156 
855761 
856366 
856970 

557574 
858176 
858778 
859378 
859978 
860578 
861176 
861773 
862370 
862966 

4 


5 

836007 
836640 

837273 
837904 

838534 

839164 
839792 
840420 
841046 
841672 

842297 
842921 

844166 
844788 

845408 
846028 
846646 

5*7264 
847881 

848497 
8491 12 
849726 
850340 
850952 
851564 

55^ 'Z5 
852785 
553394 
854002 

854610 
855216 
855822 
856427 
857031 

85'7634 
858236 
858838 

860038 
860637 
861236 
861833 
862430 
863025 

5 


6 
836071 
836704 
837336 
537967 
838597 
839227 

539855 
840482 

841 109 

841735 

842360 

84298J 

843606 

844229 

844850 

845470 
846090 
846708 
847326 
847943 
848559 

849788 
850401 
851014 

851625 
852236 
852845 

853455 
854063 

854670 

5555^77 
855882 
856487 
857091 

1^1^ 

858898 
860679 

361295 
861893 
862489 
863085 

6 


836134 
836767 

837399 
838030 
838660 
839289 
839918 

840545 
841 I 72 
841797 

842422 
843046 
843669 
844291 
844912 

84553"2 
846151 

846770 
847388 
848004 

848620 

849235 
85984$ 
850462 
851075 

851686 
852297 
852907 
853516 
854124 

85473' 
855337 
555943 
856548 
859151 

55Y754 

555357 
858958 

5|9559 
860158 

860757 
861355 
861952 
862549 
863144 

7 


53^^97 
836830 

837462 

838093 

83^723 

839352 
839981 
840608 

841860 

842484 
843108 

543731 

844353 
844974 

845594 
846213 
846832 
847449 
848066 
848682 
849296 
849911 
850524 
85.1136 
851747 

55*358 
852968 

553576 
854184 

854792 
555398 
856003 
856608 
857212 

55Z«'5 
858417 
859018 
859619 
860218 

860817 
861415 
862012 
862608 
863204; 
8 


1 9 
'836261 
836893 

83^^56 
838786 


839415 
840043 
840671 
841297 
841922 

542547 
843170 
843793 

844415 
845036 


845656 
846275 
846893 

5+Z5" 
848127 

848743 
849358 
849972 

850585 
851197 


851808 
852419 
853029 
853637 

854245 


854^52 

855459 
856064 
856668 
857272 

55Z875 
858477 
859078 
859679 
860278! 
860877 

862072 
862668 
863263 



Digitized by 
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No. 

730 
73* 
732 
733 
734 

?^ 
\% 

739 
740 

741 
742 
743 
744 

746 

747 

748 

749 

750 

75» 
752 

753 
754 

755 
756 

757 
758 
759 
760 
761 
762 

763 
764 

;^ 

769 

770 
771 
77a 

773 
774 




863323 

863917 
864511 
865104 
865696 

866287 
866878 

868644 
869232 
869818 
870404 
870989 
871573 
872156 

872739 
873321 
873902 
874482 
S75061 

876795 

87737^ 

877947 

878522 

879669 

880242 
880814 

881385 
881955 

882524 

883093 
883661 
884229 

884795 

885361 
885926 

886491 

$17054 
887617 
888179 
888741 




I 

863382 
863977 
864570 
865163 
865755 
^66346 

867526 
8681 15 
868703 

869290 

869877 

870462 

871047 
871631 

872215 

872797 

873379 
873960 

874540 
87569S 

876276 

876853 
877429 
878004 

878579 
879153 
879726 
880299 
880871 
881442 
882012 
883581 
883150 
883718 

884285 
884852 
885418 
885983 
886547 

887111 
887673 
888236 

888797 

I 


2 

863442 
864036 
864630 
865222 
865814 
866405 
866996 

!!Z5^5 
868174 
868762 

869349 
869935 
870521 
871106 
871690 
872273 
872855 

873437 
874018 
874598 
875177 
875756 

876333 
876910 

877486 

87806a 
878637 
879211 

880356 
880926 
881499 
882069 
882638 
883207 

1^3775 
884342 
884909 

886039 
886603 
887167 

!^Z730 
888292 
888853 

2 


3 
863501 
864096 
864689 
865282 
865873 
866465 
867055 
867644 
868233 
868821 
869408, 
869994 

870579 
871164 

871748 

872331 
873913 

873495 
874076 
874656 

$75*35 
875813 
876391 
876968 

Vl^ 

8781 19 

§» 

879841 

880413 

8809^5 
881556 
882126 
882695 
883264 

883832 

!^399 
884965 

88I096 
886660 
887223 
887786 
888348 
888909 

3 


4 . 
863561 

864748 
865341 

865933 
866524 
867114 
867703 
868292 
868879 
869466 

^7^53 
870638 

871223 

871806 

872389 

872972 

873553 
874134 
874714 
875293 
875871 
876449 
877026 
877602 
878177 
878751 

880471 

881042 
881613 
882183 
882752 
883321 

883889 

884455 
885022 

% 

886716 
887280 
88784a 
888404 
888965 

-4 


5 
863620 
864214 
864808 
865400 
865992 
866583 
867173 
867762 
868350 
868938 

869525 
8701 1 1 
870696 
871281 
871865 

87244^8 
I73030 
873611 
874192 
874772 

875351 

858SI 

877083 
877659 

!78a34 
878809 

879381 

880528 
881099 
881670 
882240 
882809 

883377 
883945 
88451a 
885078 

887898 
888460 
889031 

5 


6 
8S3680 
864274 
864867 

865459 
866051 

866642 
867232 
867821 
868409 
868997 

869584 
870170 

870755 
871339 
871923 

872506 
873088 
873669 
874250 
824830 
875409 
875987 
876564 
877141 
877717 

878292 
878866 
879440 
880013 
880585 

881156 
881727 
882297 
882866 

883434 
884002 
884569 

885700 

886265 

886829 
887392 

889077 

6 


7 
863739 

864333 
864926 
865518 
8661 10 
866701 
867291 
867880 
868468 
869056 

869642 
870228 
870813 
871308 
871981 

872564 
873146 
873727 

875466 

876044 

876622 

877198 

877774 

878349 

878924 
879497 

880070 

880642 

881213 
881784 

882354 
882923 
88349X 
884059 
884625 
885191 

886885 
887448 

888bii 
888573 

889133 

7 


8 

863798 
864392 
864985 
865578 
« 661 69 

866760 
867350 
867939 
868527 
8691 14 

869701 
870287 
870872 

871456 
872040 

872^22 
873204 

874366 
874945 

875524 
876102 
876680 
877256 
877832 

!784^7j 
878981 

?Z9555 
880127 
880699 

881270 
881841 
882411 
882980 
883548 

8841 15 
88468a 
885348 
885813 
886378 

886942 
887505 
888067 
888629 
889190 

8 


9 
863858 
864452 
865045 

865637 
866228 

866819 
867409 
867997 
868586 
869173 
869760 
870345 
870930 

!7'5i5 
872098 

872681 
873262 

873843 
874424 
875003 
875582 
876160 

876737 
877314 

877889 

878464 
879038 

879612 
880185 
880756 

881328 
881898 
882468 
883036 
883605 

884172 
884739 
!5S305 

886434 

886998 
887561 
888123 
888685 
889246 

9 
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775 
776 

777 
778 

779 

780 

782 

784 

785 
786 

789 

790 
791 
792 

793 
794 

795 
796 

797 
798 
799 
800 
801 
802 
803 
•804 

805 
806 
807 
808 
809 

810 
811 
812 

V^ 
814 

815 
816 
817 
818 
819 



889302 
889862 
890421 
890980 

'.91537 
892695 
892651 
893207 
893762 
894316 

894870 
895422 

895975 
896526 

897077 

897627 
898176 
898725 
899273 
899820 


I 


2 

889414 

889974 

890533 
891091 

891649 

892206 

892762 

?933»8 

893873 
894427 

894980 

895533 
896085 
896636 
897187 

898286 
898835 

899383 
899930 


3 

889470 
890030 
890589 
891147 
891705 


4 
889526 
890086 
890644 
891203 
891760 

892317 
892873 
893429 
893984 
894538 

895091 
895643 
896195 
896747 
897297 


5 

889528 
890141 
890700 
891259 
891816 


6 

889638 
890197 
890756 
891314 
891872 
892428 
892985 
893540 

894094 
894648 


7 


8 
889750 
890309 
890868 
891426 
891983 
892540 
893096 
893651 
894205 
894759 


9 

889806 
890365 
890924 
891482 
892039 


88.358 
8S9918 
890477 
891035 
?9i593 
892150 
892707 
893262 
893817 

894371 
894925 
895478 
896030 
896581 
897132 
897682 
898231 
898780 
899328 
899875 


889694 
890253 
890812 
891370 
891927 

892484 
893040 

893595 
894150 

89470+ 


892262 
892818 

893373 
893928 

894482 
895036 
895588 
896140 
896691 
897242 


892373 
892929 

893484 
894039 

894593 
895146 
895699 
896251 
896802 

897352 
897902 

898451 
898999 
899547 
900094 
900640 
901186 
901731 
902275 
902818 


892594 

893151 
893706 
894261 
894814 


895201 

895754 
896306 
896857 
897407 


895257 
895809 

896361 

896912 

897462 

898012 
898561 
899109 
899656 

900203 

900749 
901295 
901840 
902384 
902927 


895212 
895864 
896416 
896967 
897517 


895367 
895919 
896471 
897022 
897572 


897792 

898341 
898890 

899437 
899985 


897847 
898396 
898944 
899492 
900039 

90O586 
901131 
901676 
902220 
902764 


f9Z957 
898506 
899054 
899602 
900149 


898067 
898615 
899164 
899711 
900258 


898122 
898670 
899218 
899766 
900312 


900367 
900913 
901458 
902003 
902547 


900422 
900968 
901513 
902057 
902601 


900476 
901022 
901567 
9021 12 
902655 


900531 
901077 
901622 
902166 
902710 

903253 

903795 

904337 
904878 

905418 


900695 
901240 
901785 
902329 
902873 

903416 
903958 
904499 
905040 
905580 

9061 IQ 
90665& 
907196 

907734 
908270 


900804 
901249 
901894 
902438 
902981 


900858^ 
901404 
901948 
9024912 
903036 


90309<» 
903632 
904174 

904715 
905256 


903144 
9036^7 
904228 
904770 
905310 


903198 

903741 
904283 
904824 
905364 

905904 

906443 
906981 
907519 
908056 


903307 
903849 
904391 
904932 
905472 


903361 
903903 
904445 
904986 
905526 

906065 
906604 
'907142 
■907680 
908217 
908753 
90928a 
909823 
910358 
910891 


903470 
904012 

904553 
905094 
905634 

■906173 
906712 
907250 
907787 
908324 
908860 

909395 
909930 
910464 
910998 


903524 
904066 
904607 
905148 
905688 
906227 
606766 
907304 
907841. 
908378 


903578 
904120 
904661^ 
905202 
905742 
906281 
906820 

.907358 
907895 
908431 


905796 

906335 
906873 
90741 I 
907948 
908485 
909021 
909556 
910090 
910624 


905850 
906389 
906927 
907465 
908002 

908539 
909074 

909609 
910144 
910678 

911211 

9 "743 
912275 
912S06 
913337 


905958 
906497 
907035 

907573 
908109 


906012 
906550 
907089 
907626 
908163 

908699 
909235 
909770 
910304 
910838 


908592 
909128 
909663 
910197 
910731 


908646 
909181 
909716 
910251 
910784 

9"3»7 
911850 
912381 
912912 
913443 
3 


908807 
909342 
909877 
910411 
910944 

911477 
912009 
912541 
913072 
913602 

6 


908914 
909449 
909984 
910518 
911051 


908967 
909502 
910037 
910571 
91 I 104 

911637 
.12169 
912700 
913231 
913761 


91 1158 
911690 
912222 

912753 
913284 




911264 
911797 
912328 
912859 
913390 


9"37i 
911903 

9 "435 
912966 
913496 

4 


.911424 
911956 
912488 
913019 
913549 
5 


911530 
912063 
912594 
913M5 
913655 


911584 
912116 
912647 

9*3»78 
943708 


2 


7 


9 
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820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 

832 
833 
834 

836 

83I 
839 
840 
841 
842 

843 
844 

845 
846 

1% 

849 
^50 

852 

854 

^8^1 

\% 
859 
860 
86 r 
862 
863 
864 





I 


2 


3 


4 


5 

914079 
914608 
915136 
915664 
916191 
916717 

917243 
917768 

918292 
918816 


6 

91413' 
914660 
915189 
915716 
916243 

916770 

917295 
917820 

918345 
918869 

919392 
919914 
920436 
920958 
921478 


7 


8 

9'4237 
914766 
915294 
915822 
916349 

916875 
917400 
917925 
918450 
918973 


9 

914290 
914819 

915347 
915874 
916401 

916627 

9'7453 
917978 
918502 
919026 

919549 
920071 
920593 

921114 
921634 

922154 
922674 
923192 
923710 
924228 

924744 
•925260 

925776 
926291 
926805 

9.27319 
927832 

,928345 
928856 

929368 

92987S 

930389 
•930898 

931407 
931915 
932423 
932930 

933437 
93394^ 
934448 


913814 

9H343 
914872 
915400 
915927 
916454 
916980 
917505 
918030 
918554 

919078 
919601 
920123 
920645 
921 166 

921686 
922206 
922725 
923244 
923762 


913867 
914396 
914925 

9»5453 
915980 

916507 

917033 
917558 
918083 

918607 

919130 

919653 
920175 
920697 
921218 


913920 
914449 

914977 
915505 
916033 


913973 
914502 
915030 

915558 
916085 

916612 

917138 
917663 
918188 
918712 

91923c 
919758 
920280 
920801 
921322 
921842 
922^62 
922881 

923399 
923917 


914026 

9H555 
915083 
915611 
916138 
916664 
917190 

917715 
918240 

918764 


914184 

914713 
915241 
915769 
916296 
916822 
917348 
917873 
918397 
918921 

919444 

919967 
[920489 

'921010 

921530 

922050 
922570 
923088 
923607 
924124 
924641 

925157 
925673 

926188 

926702 


916559 
917085 
917610 

918135 
918659 


919183 
919705 
920228 
920749 
921270 


919287 
919810 

920332 
920853 

921374 


919340 
919862 
920384 
920906 
921426 

921946 
922466 
922985 

923503 
924021 


919496 
920019 
920541 
921062 
921582 


921738 
922258 
922777 
923296 
923814 


921790 
922310 
922829 
923348 
923865 


921894 
922414 

922933 
923451- 
923969 

924486 
925002 
925518 
926034 
926548 

927062 

928088 
928601 
929112 
929623 

930134 
930643 

93"53 
931661 


921998 
922518 

923037 
923555 
924072 

924589 
925106 
92.5621 

926137 
926651 


922102 
922622 
923140 
923658 
924176 

924693 
925209- 

925724 
926239 
926754 


924279 
924796 
925312 
925828 
926342 


92433 » 
924878 
925364 
925879 
926394 


924383 
924899 
925415 

925931 
926445 

926959 

927473 
927986 

928498 

929010 


924434 
924951 

925467 
925982 
926497 


924538 
925054 
925570 
926085 
926600 


926857 
927370 
927883 
928396 
928908 
929419 
929930 
930440 

930949 
931458 


926908 
927422 

927935 
928447 

928959 


927011 
927524 
928037 
928549 
929061 


927114 
927627 
928140 
928652 
929163 
929674 
930185 
930694 
931203 
93171a 


927165 
927678 
928191 
928703- 
929214 


927216. 

927730 
928242 
928754 
929266 

9^9776 
930287, 

930796' 
93r305 
93 I 8 14 


927268 
927781. 
928293 
928805 

929317 


929470 
929981 
930491 
931000 
931509 
932017 
932524 

933031 
933538 
934044 

934549 
935054 
935558 
936061 
936564 


929521 
930032 
930541 
931051 
931560 

932068 

932575 
933082 

933588 

934094 

934599 
935 »04 
935608 
9361 1 1 
936614 

2 


929572 
930083 

930592 
931102 
931610 


929725 
930236 

930745 
931254 
931763. 


929827 

930338 
930847 

931356 
931864 

932372 
932879 
933386 

933892^ 
934397 
934902 
935406 
935910 

936413 
9<69i6 


931966 

932474 
932981 

933487 
933993 


632118 
932626 

933533 
933639 
934145 
934650 
935154 
935658 
936162 
936664 


932169 
932677 
933183 
933690 
934195 
931700 
935205 

935709 
936212 

936715 

4 


932220 
932727 
933234 
933740 
934246 

934751 
935255 

935759 
936262 
936765 

5 


932271 
932778 
933285 
933791 
934296 

934801 
935.306 
935809 

936.^13 
936815 


932321 
932829 

933335 
933841 
934347 


934498 
935003 

935507 
93601 I 

936514 


934852 

93535^ 
935860 

936363 
936865; 


934953 
935457 
935960 
936463 
936966 





I 


3 


6 


7 1 


8 


9 
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No. 

^65 
566 
867 
868 
869 

870 
871 

874 

875 
876 
877 
878 
879 
880 
88 f 
882 
883 
884 
885 
886 
887 
888 
889 

890 
891 
892 

893 
894 

895 
896 

Hi 

899 
900 
901 
902 

903 
904 

905 
906 
907 
908 
909 



937016 
937518 

938019 
938520 
939020 

9395^9 
940018 

940516 

941014 

941511 


2 1 


3_ 

93766? 
938169 
938670 
939170 


4 
937217 
937718 
938219 
938720 
939220 


5 

937267 

937769 
938269 

938770 
939270 

939769 
940267 

940765 
941263 
941760 
942256 
942752 

9+3247 
943742 
944236 


6 

9373*7 
937819 

938319 
938820 

9393 '9 


7 


8 

937418 

9379»9 
938420 

938920 
939419 


9 
937468 

937969 
938470 
938970 
939+69 


937066 
937568 
938069 

938570 
939070 


937116 
937618 
938119 
938620 
939120 


937367 
937869 

938370 
938870 

939369 


939569 
940068 
940566 
941064 
941561 


939619 
940118 
940616 
941114 
941611 


939669 
940168 
940666 
941163 
941660 

942157 

942653 
943148 

943643 
9++137 
944631 

9+5124 
945616 
946108 
946600 


939719 
940218 
940716 
941213 
941710 


939819 
940317 

940815 

941313 
941809 

942306 
942801 

943297 
94379" 
944285 


939868 

940367 
940865 
941362 
941859 


9399*8 
940417 
940915 
941412 
941909 

942405 
942900 
943396 
943890 
944384 
944877 
945370 
945862 


939968 
940467 
940964 
941462 
941958 


942008 

942504 
943000 

9+3+9+ 
943989 

94+483 
9+4976 

945469 
945961 

946452 


942058 
942554 
943049 
9435++ 
944038 


942107 
942603 
943099 

944088 


942206 
942702 
943198 
943692 
944186 


942355 
942851 

943346 

943841 

944335 


942454 
942950 
943445 
943939 
944433 


9+4532 
945025 
9+5518 
946010 
946501 
946992 

9+7483 
947973 
948462 

9+8951 


944581 

9+5074 
945567 
946059 
946550 
947041 

947532 
948021 
948511 
948999 


944680 

945573 
945665 

946157 
946649 


944729 
945222 

9457»5 
946207 
94669S 


944779 
945272 
945764 
946256 

946747 


944828 
94S32I 
945813 
946305 
946796 


944927 
945419 
9459" 
946403 
946894 


9+69+3 
9+7+3+ 
9+792+ 

948413 
948902 


947090 
947581 
948070 
948560 
949048 


947 » 39 
947630 

949097 


047189 

948168 
948657 
949146 


947238 
947728 
948217 
948706 
949195 


947287 

947777 
948266 

948755 
949244 


947336 
947826 

•^ 

949292 


947385 
947875 
948364 
948853 

9+9341 


949390 
949878 
950365 
950851 

951337 
951823 
952308 
952792 
953276 
953760 


9+9+39 
949926 

950413 
950900 
951386 


949488 

949975 
950462 

950949 
95>435 


949536 
950024 
95051 I 

950997 
951483 


949585 
950073 
950560 
951046 
951532 


949633 
950121 
(950608 

951095 
951580 


949683 
950170 

950657 

951543 
951629 


94973» 
9502x9 

950705 
951 192 
951677 


949780 
950267 

950754 
951240 
951726 

952211 
952696 
953180 
953663 
954146 


949829 
9503x6 
950803 

951289 
951774 


951872 

952356 
952841 
953325 
953808 


951920 

95*405 
952889 

953373 
953856 


951969 

952453 
952938 
953421 
953905 


952017 
952502 
952986 
953470 

953953 


952066 
952550 
953^4 
9535" 

954001 


952114 
952599 
953083 
953566 
954049 


952163 
952647 

95313' 
953615 
954098 

954580 
955062 

955543 
956024 
956505 


952259 
952744 
9532*8 
9537" 
954194 


954242 

954725 
955206 
955688 
956168 

956649 
957128 

958086 
958564 


954291 
954773 
955255 
955736 
956216 


954339 
954821 

955303 
955784 
956264 

956744 
957224 
957703 
958181 

958659 


954387 
954869 
955351 
955832 
956312 

956792 
957272 

957751 
958129 

958707 


954435 
954918 

955399 
955880 
956360 


954966 

955447 
955928 

956409 


954532 
955014 
955495 
955976 
956457 


954628 

955"o 

95559' 
956072 

956553 


954677 

955158 
955640 
956120 
956601 


956697 
957176 
957655 
958134 
958612 


956840 

957320 

957799 
958277 

958755 


956888 
957368 
957847 
958325 
958803 


956936 
957416 

957894 

958373 
958850 


956984 
95746+ 
957942 

958898 


957032 
9575" 

W\ 

9589+6 


957080 

957559 
958038 
958516 
958994 
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2 
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4 


5 


6 


7 
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Nk). 
910 
911 
912 

913 
914 

915 
916 
917 
918 
919 

920 
921 
922 

923 
924 

925 
926 
927 
928 

929 

930 
931 
932 
933 
934 

935 
936 
937 
938 
939 
940 
941 
942 
943 
944 

945 
946 

947 
948 
949 
950 

951 
952 
953 
954 


• G 


I 


2 


.3 
959184 
959661 
960138 
960613 
961089 


■ 4 ■ 


5 


6 


7 


8 

959423 

95990c 

960776 
960851 
961326 

961801 
962275 
962748 
963221 
963693 

964165 
964637 
965108 

965578 
966048 

9665IV 
966986 
967454 
967922 
968389 

968856 
969323 
969788 
970254 
970719 

9711S3 
971647 
972110 

972373 
973035 


959471 
959947 
960423 
960899 
961374 
961848 
962322 
962795 
963268 
963741 
964212 
964684 
965155 
965625 
966095 

966564 
967033 
967501 
967969 
968436 


959041 
959518 

959995 
96047 1 
960946 


959089 
959566 
960042 
960518 
960994 
961468 
961943 
962417 
962890 

963363 

963835 
964307 
964778 
965249 
965719 


959137 
959614 

960090 

960566 

961041 


959232 

959709 
960185 
960661 
961136 


959280 

959757 
960233 
96070S 
961184 

961658 
962132 
962606 
963079 
963552 

964024 
964495 
964966 

965437 
965907 

966376 
966845 

967314 
967782 
968249 

968716 
969183 
969649 
970114 
920579 

971044 
971508 
97*971 
972434 
972897 

973359 

973820 

974281= 

974742 
975202 

97566"! 
976121 
976579 

977037 
977495 

977952 
978409 
978865 

979321 
979776 

5 


959328 
959804 
960280 
960756 
961231 
961706 
962186 
962653 
963126 

963599 
964071 

964542 
965013 
965484 
965954 

966423 
966892 
967361 
967829 
968296 


959375 
959852 

960328 

960804 

961279 


961421 
961895 
962369 
962843 
9633'5 

963788 
964260 

964731 
965202 

965672 

966142 

966611 

967080 

967548 

968016 


961516 
961990 
962464 

962937 
963410 

963882 

964354 
964825 
965296 
965766 


961563 
962038 
962511 
962985 
963457 


961611 
962085 
962559 

963032 
963504 


961753 
962227 

962701 

963174 
903646 

964118 
964590 
965060 

965531 

966001 


963929 
96440 1 
964872 

965343 
965813 

966283 
966752 
967220 
967688 
968156 

968623 
969090 

969556 
970021 
970486 

970951 

971415 
971879 

972342 
972804 

973266 
973728 
974189 
994650 
975110 

975570 
976029 

976487 

976946 

977403 

977861 

978317 
978774 
979230 
9^96_85 

3 


963977 
964448 
964919 
965390 
965860 

966329 
966798 
967267 

967735 
968203 

968670 
969 I 36 
969602 
970068 

970533 


966189 
966658 
967127 

968062 
968530 
968996 
969462 
969928 
970393 
970858 
971322 
971786 
972249 
972712 


966236 
966705 
967173 
967642 
968109 
968576 

969043 
969509 

969975 
970440 


966470 

966939 
967408 
967875 

968343 
.968810 
969276 
969742 
970207 
970672 

97 "37 
971600 
■972064 
972527 
972989 


968483 
968950 
969416 
969882 

970347 
970812 
971276 
971740 
97220^ 
972666 
973128 

•973590 
974051 
974512 
974972 


968763 
969229 

969695 
970161 
976626 

971090 

971554 
972018 
97248b 
972943 

973405 
973866 

974327 
974788 
975248 

975707 
976166 
976625 
977083 

977541 
977998 

978454 
97891 1 

979366 
979821 

t 6 


968903 
969369 
969835 
970300 
970765 


970904 

971369 
971832 
97229c 
9737i8 
973220 
973682 

974M3 
974604 
975064 


970997 
971461 
971925 
972388 
972851 

973313 
973774 
974235 
974696 

975156 


971229 
971693 
972156 
•972619 
973082 

;973543 
974005 

974466 

974926 

975386 

■975845 
976304 

976762 

977220 

977678 

978135 
978591 

.979047 
979503 
579958 


973174 
973636 
974097 
974558 
975018 


973451 
973913 
97437,3 
974834 
975294 

975753 
976212 
976671 
977129 
977586 
978043 
978500 
978956 
9794-12 

^;?86y 


973497 
973956 
974420 
974880 
975340 

975799 
976258 

976717 

977175 

977632 

978089 
978546 
979002 

9794S7 
■979912 


975432 
975891 

97^50 
97^08 
977266 

977724 
978180 
978637 
979093 
979548 




975478 
975937 
976396 
976854 

977312 


975524 

975983 
976442 
976900 
977358 


975616 

976075 

976533 
976991 

977419 
977906 

97^363 
978819 

979275 
979730 


977769 
978226 
978683 
979138 
979594 
I 


977815 
978272 
978728 
979184 

979639 
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956 

957 
958 

959 
960 
961 
962 

963 
964 

965 
966 

969 

970 

971 
972 
973 
974 

975 
976 

977 
978 

979 
980 
981 
982 

983 
984 

985 
986 

987 
988 
989 

990 
991 

992 
993 
994 

995 
996 
997 
998 

999 





I 

980049 
980503 
980957 
981411 
981864 

982316 
982769 
983220 
983671 
984122 

984572 
985022 
985471 
985920 
986369 
986816 
987264 
98771 I 

988603 
989049 
989494 
989939 
990383 
990827 

991270 

991713 
992156 
992598 

993239 
993480 
993921 
994361 
994801 
995240 

995679 
996117 

996555 
996993 
997430 
997867 
998303 
998739 
999*74 
999609 


2 

980094 
980549 
981003 
981456 
981909 

982362 
982814 
983265 
983716 
984167 

984617 
985C67 
985516 

985965 
986413 


3 


4 


5 
980231 
980685 
981139 
981592 
982045 

982497, 
982949 

983401 

983852 

984302 

984752 
985202 
985651 
986100 
986548 
986995 

987443 
987890 

988336 
988782 

989227 
989672 
9901 I 7 
990561 
991004 
991448 
991890 
992333 
992774 
993216 


6 


7 
980322 
980776 
981229 
981683 
982135 

982588 
983040 
983491 
983942 
984392 
984842 
985292 

9^574* 
986189 
986637 
987085 

987532 
987979 
988425 
988871 

989316 
989761 
990206 
990650 
99*093 
991536 
991979 
992421 
992863 
993304 

993745 
994185 
994625 
995064 
995504 

995942 
996380 
996818 

997255 
997629 
998128 

998564 
999000 

999435 
999870 


8 
980367 
980821 
981275 
981728 
982181 


9 


980003 
980458 
980912 
981365 
981819 

9' '» 

9^ i 
9| .5 

9I ;6 

9I 7 

9 7 
9I 7 

9I ;6 
9! 5 
9I 4 

9"! .."2 
987219 
987666 
988113 
988559 
989005 
989450 
989895 

990339 
990783 
991226 
991669 
9921 I 1 
992553 
992995 
993436 
993877 
9943>7 
994757 
995196 

995635 
996074 
996512 

996949 
997386 

997823 
998259 

998695 
999130 

999565 



980140 
980594 
981048 
981501 
981954 
982407 
982859 
983310 
983762 
984212 

984662 
985112 
985561 
986010 
986458 

986906 

987353 
987800 

988247 
988693 

989138 
989583 
990028 

990472 
990916 

991359 
991802 

992244 
992686 
993127 

993568 
994009 

994449 
994889 
995328 

995767 
996205 

996643 
997080 

997517 

997954 
998390 
998826 
999261 
999696 

3 


980185 
980640 
981093 
981547 
982000 

982452 

982904 

983356 

983807 

984257 

984707 

985*57 
985606 

986055 
986503 

986951 
9" 18 
9 -5 
9 1* 
9 17 

9 \ 
9 ;8 

990072 

990516 

99C960 

991403 
991846 
992288 
992730 
993172 

993613 
994053 
994493 
994933 
995372 
995811 
996249 
996687 
997124 
997561 
997998 

998869 
999305 
999739 

4 


980276 
980730 
981184 
981637^ 
982090 

982543 
982994 
983446 

983897 
984347 

984797 
985247 

985696 
986144 
986593 

987040 
987587 

987934 
988381 
988826 

989272 
989717 
990161 
990605 
991049 

99*492 

99*934 

992377 
992818 

993260 

993701 

994141 

994581 

995021 

995460 

995898 

996336 
996774 
997212 
997648 

998085 
998521 
998956 

999392 
999826 


980412 
98086- 
981320 

98*773 
982226 


982633 
983085 

983536 
983987 

984437 
984887 

985786 
986234 
986682 


982678 
983130 
983581 
984032 
984482 


984932 
985382 
985830 
986279 
986727 
987174 
987622 
988068 

9!!5'4 
988960 

989405 
989850 
990294 
990738 
991182 
991625 
992067 

992509 
992951 

99339* 

99383s 

994273 

9947*3 
995152 

99559* 


986861 
987309 
987756 
988202 
988648 

989094 
989539 
989983 
990428 
990871 

991315 
99^757 
992200 
992642 
993083 

993524 
993965 
994405 
994845 
995284 

995723 
996161 
996599 

997037 
997474 
997910 

998346 
998782 
999218 
999652 

2 


987*30 
987577 
988024 
988470 
988915 


989261 
989806 
990250 
990694 

99**37 
991580 
992023 

992465 
992907 

993348 


993657 
994097 

994537 

994977 
995416 

995854 

996293 
996730 
997168 
997605 
998041 
998477 
998913 
999348 
999783 

5 


993789 
994229 
994669 
995*08 
995547 
995986 

996424 
99686* 
997299 
997736 
998172 
998608 

999043 

999478 

9999*3 

8 


996905 

997343 

997779 


998216 
998652 
999087 
999522 
999957 
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6 


7 
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A Triangular Canon Logarithmical: or, 



A TABLE of Artificial Sines, Ti 
^ry Degree of the Quadrant 

I Degree. 





I 

S 
xo 

XX 
12 

»4 

\l 

17 
i8 

12 

%o 
ax 

22 

as 
a4 

:i 

I?: 

a9 

30 
31 
3» 
33 

34 

I 

39 
40 
41 
4a 
43 
44 

*J 

50 
5» 

52 
53 

5^ 
1^ 


Sine 




Tang. 


Infiniie. 


Sicanr. 




60 

55 
54 

53 
5* 
SI 

50 

? 

45 
44 
43 
4* 

11 

40 

1! 

35 
34 
33 
3« 
V 
30 

:i 

27 
i« 

*5 
24 
23 

22 
21 
20 

19 
18 
17 
16 

15 
14 
13 
12 
XX 
10 

1 

7 
6 

5 
4 
3 

2 

1 


M 


?' 
"0 

X 
2 

3 
-4 

i 
\ 

10 

XT 
12 
»3 
14 

rt 
18 

1? 
20 
21 
22 
a3 
a4 

11 
Vt 

*? 
30 

31 
3» 
33 
34 

39 

40 
41 
42 
43 
44 

4'J 
46 

:? 
49 
50 
51 
52 
53 
54 


Sine 


r. 




Secant, 






OiOOOOOO 

6.463726 


10.00000 
9.999999 
9.999999 
9*999999 
9_:999999 

9 999999 
9.999999 
9.999999 

9-999999 
9.999998 


0.000000 
6.463726 
6.764756 

7.065786 


10.000000 
10.000000 
10.000000 
fo.oooooo 
10.000000 


Infinite. 

13536274 
13.235244 
X3.059153 
12.934214 


8.H1855 
8.249033 
««2c6o94 
8.263042 
8.269881 
8.2766x4 
8.2|3H3 

8.302546 


9»999934 I*' 
9.9959,2 01 
9.999129 65 
9.999927 Ij 
9^99925 56 
9.999922 91 
9.999920 21 
9.999917 56 

9-999915 9* 
9^99912 33 


11.758078 
11.750898 
M.74|8j5 
11.736885 
11.730044 

11.723309 
11.716677 
1I.7I01;4 
1I.70370S 
11.697366 


10.00CC66 
10.0C0068 
10.00007 I 
10.00CC73 
10.000075 


11.75*14 




13.536274 
13.235244 
13.059152 
12.934214 


11.75096 
11.743901 
11.73095: 

Tr.730ii< 




7.162696 

7.241877 
7.308824 
7.366816 
7-417968 


7.162696 
7.241878 
7.308825 
7.366817 
7.417970 

7.463727 
7.505x20 
7.542909 

7-577671 
7.609857 


12.837304 
12.758122 
12.691175 
12.633183 
12.582030 


lO.OOOOOO 

10.000001 
10.000001 
10.000001 
10.000001 


12.837304 
12.758127 
12.691176 

x2.6m»84 

X2. 58203ft 


10.C00078 
10.C00080 
10.OC0082 
10.00C0S5 
IC.00C087 

10.00c oco 
10.00c 093 
10.000095 
10.COC098 
10.000101 


11.7^333 

11.71675 
11.71022 

II.7C579 

11.607*15. 




7.4«37a5 
7.505118 

7.609853 


9.999998 
9.999998 
9-999997 
9-999997 
9999996 


12.494880 

"•457091 
12.422328 

12.390143 
12.360180 
12.332151 
12.305821 
12.280997 
12.2575*6 


X0.000002 
10.000002 
10.000003 
10.000003 
10.000004 


ia-53^4 

".457093 
12.42233ft 
12.390147 


8.308794 
|-3"4954 
8.321027 
8.3270x6 

8- 33*9*4 

8.338753 
8.344504 
8.350180 
8.355783 
8.361315 


9.999910 8a 
9.999907 40 
9-999905 »a 
^ 02 14 

s ?? y 

5 97 56 
5 94 10 

9 ^8 95 
9 85 30 
5 82 94 
5 79 91 
9 76 22 
9 73 89 
9 70 92 

9 S7 34 
9 64 15 
9^,^^6i 38 
9.999858 04 
9.999854 13 


11.601116 

11.684954 
XI.678878 
11.672886 
11.666975 
XX.661144 
11.655389 

XI. 6497 10 
11.644105 
11.638570 

1X.63310C 
11.627708 
11.622378 
11.617111 
X 1.61 1908 


ii.6aizo< 
ii.68504( 
11.67897: 
11.67298^ 
ii.66707< 




7.694173 
7.718997 

7.742477 


9-999995 
9.999995 
9.999994 
9-999993 


7.694x79 
7.719003 

7.74*484 


10.000004 
10.000005 
10.000005 
X0.000006 
X0.000007 


xft.360184 
"•B3"55 

X2. 305 827 
X2.281OO3 

12.217522 


XO.000102 

lO.OOOICO 

X0.000109 

10.000J12 

10.000115 


11.66124^ 
Ii.655j9( 
11.64981C 
ii.64l2i( 
ii.63868< 




7.754754 

7.825451 
7843934 


9-999993 
9.999992 
9.99999X 
9-999990 
9 999989 


7.764761 
7.78WS1 

7.843944 


12.235139 
12.214049 
12,193845 
12.174540 
12.156056 


10.000007 
10.000008 
10000009 
10.000010 
10.00001 X 


X2.235246 
12.214057 
"•193854 


8.366777 
8.372171 

8.387962 


10.0001 18 
10.000121 
10.000124 
XO.C00127 
XO.COOI30 


11.63322J 
11.62782c 
11 62250 
11.61723s 
ii.6i2C3£ 




7.86x662 
7.878605 
7.895085 
7.910879 
7.926119 


9.999988 
9.999988 
9999987 
9.999986 
9.999984 


7.895099 
7.9x0894 
7^26134 

7.940858 

7.982253 
7-995»'9 


12.138326 
12.121292 
12.104901 
12.089106 
12.073866 


lO.OOOOlX 

10.000012 
10.000013 
10.000014 
lo.oooox 5 


12.138338 
12.121305 
X2.X049X5 
12.089121 
12.073S81 


8.39JXOI 
8.398179 
8.^03199 
8.408161 
8.413068 

8.417919 
8.422717 
8.427462 
8.432156 
8.4368CO 


n. 606766 
11.601685 
11.596662 
XI. 591696 
11.586787 


XO.COOI33 
IO.C00136 
10.000139 
IO.COOI42 
IO.COOI46 


11.606899 
11.601821 

11. 596S01 
11.591839 
If. 586931 




7.94'^842 

7.982231 

7.995«98 


9.999983 
9.999981 
9.999981 
9.999980 
9.999979 

9.999977 
9.999976 

9-999975 
9-999973 
9.999972 


12.059142 
12.044900 
12.^1111 

12.017747 
12.004781 

11.992191 

11.970955 
ir.968055 

11.956473 
11.94519' 


10.000016 
10.0c 0018 
IO.C00019 
10.000020 
ro.oooo2f 


12.059158 
12.044918 
X2.03X170 
X2.C17767 
12.004802 


9.999851 68 
9.999848 5o 
9.999844 18 
9.999841 15 
9.999838 62 


11.581932 
X1.577M1 

11.567685 
11.563038 


10.000149 
10.000x52 
10.000155 
10.0001^9 
10COOI62 


11.582081 
11.577281 
11.572538 
il.567H4^ 
11.5632CC 




8.007787 

8.Q2002X 
8.03x9x9 
8.O435OX 
8.054781 


8.007809 
8.0*0044 
8.03x945 
8.043C27 
8.054809 


10.000022 
10.0C0024 

10.C0002q 

10.000026 
10.CC0028 


11.992213 

11.970979 
11.96S080 
11.956499 
11.945219 

11.934224 
11.9235C0 

11.913035 
11.902817 
11.892833 


8.441394 

8. 1 

8. 
8. 3 
8. 1 

I I 
8. 3 

8. 8 

I 5 
8. 

8. 8 
8^ 
8.50^045 
8.508974 
8.512867 
8.516726 
8.520551 

8.524343 
8.528102 
8.«;3i828 

o'5355J2 
8.539186 

8.542819 


9.999834 60 
9.999831 10 
9.999827 13 
9.999823 70 
9.999820 li 


11.558440 
11.553890 
11.549387 
11.544930 
11.540519 

11.536151 
14.531827 
11.527546 
11.523307 
II nIoic8 


10.000166 
IO.COOI69 
10.C00173 
10 000176 
10.000180 


11.558606 
1 '•554059 
11.54956c 
11 545107 
11.540699 




8.06C776 
8.076500 
8.086965 
8.097x83 
8.IO7167 


9.999971 
9.999960 
9.999968 
9.999966 
9.999964 


8 o6c8o6 
8.07653X 
8.086997 
8.0972x7 
8.107202 


11.934104 
11.913469 
11.913003 
11.902783 
11.892797 


10.000029 
10.C0003I 
10.000032 
T0.000034 
IOOOC036 


9.999816 49 
9.999812 72 
9.999809 54 
9.999805 n 

9.999801 ?2 


/OOGOI84 
10.000187 
10.0COI91 
10.000195 
ro.ooci99 


ir.536335 
11532015 

'1-527737 
11.523502 
11.519307 




8.X16926 
8.X2647I 
8.1358x0 
8.144953 
8.153907 
8.X6268X 
8.17x280 
8.1797,3 

8.187985 
8,196102 

8.204070 

8.2 J 1805 
8.219581 
8.227133 

8-«34557 
8.241855 


9.999963 
9.999961 
9.999959 
9-999958 
9.999956 


8.XX6963 
8. 126c 10 
8.135851 
8.144996 
8.15395a 


11.883037 

11.873490 
11.864149 


10.000037 
10.000039 
10.000041 
X0.000042 
10000044 


11^883074 
11.873529 
XX.864190 
XX.855047 

IX. 846092 


9-999797 50 
9.999793 70 
9.999700 50 
7.999786 5J 
9.999782 98 


11.514949 
11.510830 
11.506750 
11.502707 
ix.498702 


I0.0002C3 

10.000206 

I0.0002IO 

IO.OC02I4 
IO.C002I8 


11.515152 
11.511C37 

XI. 506960 
11.502922 
11.498920 




9.999954 
9.999952 
9.999950 

9.999948 
9.999946 


8. 162727 
8.17x328 
8.X79763 
8.X88036 
8.X96156 


11.8202^7 
11.811964 
ii.8o3«44 


10.000046 
ro.000048 
iaoooo5o 
10.000052 
10.0000 S4 


11-837319 

X 1.828720 
IX. 820287 
XX.8I20XC 

11.803898 


9.999778 67 
9.999774 00 
9.999769 98 
9.999765 6f 
9.999761 90 


11.494733 
11.400800 
11.486902 
11.483039 
I I. 479210 


I0,0C0222 

10.000226 
10.000230 
10,000235 
10.00C239 


11.404955 
11.491026 

11.487133 
11.483274 

11.479445 




9.999944 
9.999942 
9.999940 
9.999938 
9.999936 
9-999934 


8 204x26 
8.211953 
8.2x9641 
8 227195 
8 234641 
8.24x921 


"•795874 
11.788047 
11.780159 
H.772805 


X0.000056 
10.000058 
10.000060 
10.000062 
10.000064 
XO .000066 


11.735930 

11.788105 

XX.78o4r9 
XX.772866 
XI.76C443 
X 1.758 145 
S^ant. 


9-999757 86 
9*9997^3 49 
9.999748 80 

9.999744 79 
9.999740 47 
9.999735 84 
Sine 


11 4754'4 
ir.471651 
11.46792c 
11 464221 
11.460553 
11.456916 


10.000243 
IO.OOC247 
10.000252 
fo.000256 
IO.C00260 
10.000265 


".475657 
11.47189S 
11.46817a 

11.46447: 
11. 4608 1 i 
IIu^57I8: 






Sine 


T»ng. 






T;»ng. 1 


Secant. 


4 


89 D*^«j. 1 


88 Degrees. 
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50 LOGARITHMS. 1 


?5r 

955 
956 

957 
958 

959 
960 
961 
962 
963 
964 

965 
966 

968 
969 

970 
971 
972 
973 
974 

975 
976 

977 
978 

979 
980 
981 
982 

983 
984 

985 
986 

987 
988 

989 

990 
991 

992 
993 
994 

995 
996 
997 
998 

999 





I 

980049 
980503 
980957 
981411 
981864 

982316 
982769 
983220 
983671 
984122 

984572 
985022 
985471 
985920 
986369 
986816 
987264 
98771 I 

988603 
989049 
989494 
989939 
990383 

990827 
991270 
991713 
992156 
992598 
993039 
993480 
993921 
994361 
994801 
995240 

995679 
996117 

996555 
996993 
997430 
997867 
998303 
998739 
999*74 
999609 


2 

980094 
980549 
981003 
981456 
981909 

982362 
982814 
983265 
983716 
984167 

984617 
985C67 
985516 
985965 
986413 
986861 
987309 

987756 
988202 
988648 
989094 

989539 
989983 
990428 
990871 

991315 
991757 

992200 

992642 

993083 

993524 
993965 
994405 

994845 
995284 

995723 
996161 
996599 

997037 
997474 
997910 
998346 
998782 
999218 
999652 
2 


3 


4 


5 
980231 
980685 
981139 
981592 
982045 

982497 

982949 
983401 
983852 
984302 
984752 
985202 
985651 
986100 
986548 
986995 

987443 
987890 
988336 
988782 
989227 
989672 
9901 I 7 
990561 
991004 
991448 
991890 

992333 
992774 
993216 

993657 
994097 

994537 

994977 
995416 

995854 
996293 
996730 
997168 
997605 

998041 
998477 
998913 
999348 
999783 
5 


6 


7 
980322 
980776 
981229 
981683 
982135 

982588 

983040 
983491 
983942 
984392 
984842 
985292 

986189 
986637 

987085 
987532 
987979 
988425 
988871 


8 
980367 
980821 
981275 
981728 
982181 


9 


980003 
980458 
980912 
981365 
981819 

982271 
982723 
98-' '75 
9 t6 
9 L7 

9 7 
9 rj 

9 '.0 

9 '5 
9 '4 

9„ ..'2 

987219 
987666 
988113 
988559 
989005 
989450 
989895 

990339 
990783 

991226 
991669 
9921 I I 

992553 
992995 

993436 
993877 
994317 
994757 
995196 

995635 
996074 
996512 

996949 
997386 

997823 
998259 
998695 
999130 
999565 



980140 
980594 
981048 
981501 
981954 

982407 
982859 
983310 
983762 
984212 

984662 
985112 
985561 
986010 
986458 

986906 

987353 
987800 

988247 
988693 
989138 
989583 
990028 

990472 
990916 

991359 
991802 

992244 
992686 
993127 
993568 
994009 

994449 
994889 

995328 

995767 
996205 

996643 
997080 

997517 

997954 
998390 
998826 
999261 
999696 

3 


980185 
980640 
981093 
981547 
982000 


980276 
980730 
981 184 
981637, 
982090 


980412 
980867 
98132c 

981773 
982226 


982452 
982904 
983356 
983807 
984257 
984707 

9^5557 
985606 
986055 
986503 

986951 
987398 
987845 
988291 
988737 

989183 
989628 
990072 
990516 
990960 
991403 
991846 
992288 
992730 
993172 

993613 
994053 
994493 
994933 
995372 
995811 
996249 
996687 

997124 
997561 

997998 
998434 
998869 

999305 

999739 

4 


982543 
982994 
983446 

983897 
984347 
984797 
985247 
985696 
986144 
986593 

987040 
987587 

988826 

989272 
989717 
990161 
990605 
991049 

991492 
991934 

992377 
992818 

993260 

■993701 
994141 
994581 
995021 
995460 
995898 
996336 
996774 
997212 
997648 
998085 

998521 
998956 

999392 
999826 


982633 
983085 
983536 
983987 

984437 
984887 

985786 

98668t 


982678 
98313c 
983581 
984032 
984482 
984932 
985382 
985830 
986279 
986727 

987174 
987622 
988068 
9885,4 
988960 
989405 

989850 
990294 
990738 

991 182 

991625 
992067 
992509 
992951 
993392 

993«3J 
99427J 

9947»3 
995152 

995591 

99640^ 
996905 

997343 

997779 
998216 
998652 
999087 
999522 
999957 


987130 

987577 
988024 
988470 
988915 


989316 
989761 
990206 
990650 
991093 

991536 
991979 
992421 
992863 
993304 

993745 
994185 

994625 

995064 

995504 

995942 
996380 
996818 

997255 
997629 
998128 
998564 
999000 

999435 
999870 

7 


989361 
989806 
990250 
990694 

991137 


991580 
992023 
992465 
992907 

993348 


993789 
994229 
994669 
995108 
995547 


995986 

99686s 
997299 
997736 


998172 
998608 

999043 
999478 

999913 


I 


6 


8 
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A Triangular Canon Logarithmical: or, A TABLE of Artificial Sines, Tan- 
gents and Secants, the Radius lo.oooooo^ and to every Degree of the Quadrant. 



O Degree. 



Sine 



6.463726 
6.764756 
6.940^7 
7.065786 



7.162696 

7.241877 
7*308824 
7.366816 
7^417968 



7-505>" 
7.54*906 
7.577668 
7.60^ 



7.619B16 

7.667844 
7.69A173 
7.718997 
7»74«477 



7«7|4754 

7.806146 
7.825451 
7'8439S4 
7.861662 
7.878605 

7.895085 
7910879 
7.926119 



7.94^842 

7.95508* 
7.968870 

7.98*131 
7.995»9 8 
8.007787 

8.Q2002I 
8.O3I919 
8.043501 
8.054781 



8.06C776 
8.076500 
8.086965 
8.O971S3 
8.107167 



8. 1 16926 
8.126471 
8.135810 
8.144953 
8^153907 



8.162681 
8.171280 
8.179713 
8. 187985 
8,196102 

8.204070 
8.211805 
8.219581 
8.227133 

8-«34i57 
8.24if55 



10.00000 
9.999999 
9.999999 
9*999999 
9_:999999 

9 999999 
9.999999 
9.999999 

9-999999 
9.999998 



9.999998 
9.999998 
9-999997 
9-999997 
9-99999^ 



9.999996 
9-999995 
9.999995 
9-999994 
9-999993 



9-999993 
9-99999* 
9-99999» 
9.999900 

9 999989 



9.999988 
9999988 
9999987 
9.999986 
9.999984 



9.999983 
9.999982 
9.999981 
9.999980 
9:999979 

9.999977 
9.999976 

9-999975 
9«999973 
9.999972 



9-999971 
9.999960 
9.999968 
9.9999^ 
9-9999^4 
9.999963 
9.999961 
9.999950 

9-999958 
9.999956 



9.999954 
9.999952 
9.999950 
9-999948 
9.99994^ 



9-999944 
9.999942 
9.999940 
9.999938 
9-999936 
9-999934 
Sine 



Tang. 



0.000000 
6.463726 
6.764756 
6.9A0847 
7.065786 



7.162696 
7.241878 
7.308825 
7.366817 
7.41797 

7.463727 
7.505120 
7.542909 

7-57767I 
7.609857 



7.639820 
7.(^67849 
7.694179 
7.719003 
7.741484 
7.7^761 
7-785951 
7.8061J5 
7.825460 
7-843944 



7.861674 
7.878708 
7.895099 
7.910894 
7^26134 

7.940858 
7 955»oo 
7.968889 
7.982253 
7-99S*'9 



8.007809 
8.0t0044 

8-031945 
8.O43C27 
8.054809 



8 o6c8g6 
8.076531 
8.086997 
8.097217 
8.107202 



8.116963 
8.126C10 
8.13:851 
8.144996 
8.15395* 



8. 162727 
8.171328 
8.179763 
8.188036 
8.196156 



8 204126 
8.211953 
8.219641 
8 227195 
8 234641 
8.241921 



Infiniie. 



13.536274 
13.235244 
13.059152 
12.934214 



12.837304 
12.758122 
12.691175 
12.623183 
12.582030 



12.536273 
12.494880 
12.457091 
12.422328 
12.390143 



12.360180 
12.332151 
12.305821 
12.280997 
12.257516 



12.235139 
12.214049 

"»i93845 
12.174540 
12.156056 



12.138326 
12.121292 
12.104901 
12.089106 
12.073866 



12.059142 
12.044900 
12.^1111 

12.017747 
12.004781 

11.992191 

11.970955 
11.96S055 
11.956473 
11.94519' 



11.934194 
11.913469 
11.913003 
ii.<)02783 
11.892797 



11.885037 
11.873490 
11.864149 
11.855004 
1 1.846048 



11.837273 
11.828672 
11.820237 
11.811064 
11.803844 



11.795874 

11.788047 

11.780359 

11.771805 

11.76J137. 

"-71 



T»ng. 



Secant. 



0.000000 
lo.oooooo 
0.000000 
0.000000 
0.000000 



0.000000 
0.000001 
0.000001 
0.000001 

O.OOOOOI 



0.000002 
0.000002 
0.000003 
0.000003 
0.000004 



0.000004 
0.000005 
0.000005 
0.000006 
0.000007 



0.000007 
0.000008 

[Q 000009 

ro.ooooio 
0.000011 



O.OOOOIX 

0.000012 
0.000013 
0.000014 
o.ooooi 5 



0.000016 

0.0C0018 

O. GOOD 19 
0.000020 
0.00002 t 



0.000022 
O.OCOO24 
0.00002^ 

;o.oooo26 
0.0C0028 



,000029 
0.C00031 
0.000032 
0.000034 

O OOCO36 



[0.000037 
0.000039 
0.000041 
:o.oooo42 
[o. 000044 



0.000046 
0.000048 
0.000050 
[0*000052 
0.000054 



0.000056 
0.000058 
0.000060 
0.000061 
0.000064 
0.C00066 



lafiiifae. 

13-536174 
13.235244 
13.059153 
12.934214 



12.837304 
12.758122 
12.691176 
11.623)84 
12.58203^ 



"-53^4 
ii.49«SSa 

"•457093 
"-4**33* 
12.390147 



12.360184 

"•B3*J55 

12.305827 
11.281003 

12.257522 



11.135246 
12.214057 
12.193854 
12.174549 

i2.i5r 



12.138338 
12.121305 
12.104915 
12.08912X 
12.073881 



12.059158 
12.044918 
12.031170 
12.C17767 
12.004802 



11.992213 
11.979979 
11.96S0S0 
11.956499 
11.945219 

11.934224 
11.9235C0 
11.913035 
11.902817 
11.89 2833 

11^883074 
11.873529 
11.864190 
11.855047 
11.846092 



11.837319 
11.828720 
11.820287 
11.81201C 
11.803898 



11.705930 
11.788105 
11.780419 
11.772866 
11.765443 

'1-75^ '45 
Sectnt. 



89 Degrees • 



li 



)egree* 



Sine 



8179 



55 !-5*J343 

56 8.528102 

57 8.«;3i828 

58 8.5355*2 
C9 8.539186 
60 8.542819 



9*999934 
9.9959.2 
9.999129 
9.999927 
9:99?9*5 
9.999522 
9.999920 
9.999917 

9-9999'5 
9^999912 



9.999910 
9.999907 
9.999905 

9.99990* 
9.999899 



9.999897 
9.999894 
9.999891 
9.999888 
9-999885 



9.999882 

9-999879 
9.999876 

9-999873 
9.999870 



9.999867 
9.999864 
"61 

58 

44 
4» 
3? 
34 

9.999827 
9.999823 
9.999820 



9.999816 
9.999812 
9.999809 
9.999805 
9.999801 



9.999797 

9-999793 
9.999700 
7.999786 
9999782 



9.999778 

9-9<J9774 
9.999769 
9.999765 
9.999761 



9-?99757 
9-999753 
9.999748 
9.999744 
9.999740 
9999735 
Sine 



Tang. 

8.24x921 
8.249101 
8.2J6165 
8.26311c 
8.269950 
8.276691 
8.283323 
8.289856 
8.296292 
8.302633 
8^08884 
8.315046 
8.321122 
8.327114 
8.3330^5 



8.366894 
8.372291 
8.377622 
8.382889 
8.388092 



8.338856 
8.344610 
8.350289 
8.355895 
8.361430 



8.392234 
8.39831c 
8.401338 
8.408304 
M£3*J3 
8.418068 
8.422860 
8.427618 
8.432315 
8.436962 



8.441560 
8.446110 
8.450613 
8.455070 
8459481 



8.463849 
8.468172 

8.471454 
8.476693 
8.4 80892 
8.485050 
8.489170 
8.493250 

8-497*93 
8.501298 



8.505267 
3.509200 
8.513098 
8.516961 
8.520790 



8.524586 
8.528349 
8.532080 
8.535779 
8 539447 
8.543084 



11.758078 
11.750898 
ii.74|8j5 
J1.7368S5 
11.730044 

IJ.723309 
11.716677 
11.7101,4 
11. 703 70S 
11.697366 



11.601116 

11.684954 
11.678878 
11.672^86 
11.666975 

11.661144 
11.655389 
11.649710 
11.644105 
11.638570 

11.63310 

11.62770I 

11.622378 

11.617111 

11.611908 



11.606766 
11.601685 
11.596662 
11.591696 
11.586787 

11,581932 

'JI-577MI 

11.572382 
11.567685 
11.563038 



11.558440 
11.553890 
11.5493S7 
11.544930 
"■5405*9 
11.536151 
14.531827 
n. 527546 
11.523307 

II NI0IC8 



11.514949 

11.510830 
11.506750 
11.502707 
11.498702 



J 1.494733 

11.490800 
11.486902 

11.483039 

11.479210 



11 475414 

lr.471651 
11.46792c 
II 464221 

11.460553 

II.4560I6 
Tang. 



Secant. 



io.oocc66 
10.OC006S 
10.000071 
10.000C73 
10.000C75 



10.C00078 
10.0C0080 
10.OC0082 
10. 00c oS 5 
1C.OCC087 

lO.OOCOCO 

10.00C093 
10.000095 
10.C00098 
10.000101 



10.000103 

lO.OOOICO 

10.000109 

10.00OJ12 

10.000115 



10.000118 
10.000121 
10.000124 
IO.COOI27 
IO.COOI30 



10.C00133 
10.C00136 
10.000139 
10.COOI42 
IO.C00146 



XO.OOOI49 
10.000152 
IO.OC0155 
10.0001^9 
10 C00162 



10.000166 
10.C00169 
IO.C00173 
10 000176 
10. 000180 



/O OCOI84 

10.000187 
TO.OC0191 
10.000195 
ro.ooci99 



I0.0002C3 

10.000206 
10.000210 
IO.OC02I4 
IO.C0021S 



10,0C0222 

10.000226 
10.000230 
IO.C00235 
IO.OOC239 



10.000243 
10.000247 
10.000252 
fo.000256 
10.C00260 
10.000265 



II.758I45 
11.750967 
11.743906 
n.730958 

11.730119 



11.723386 
ii.7i675'> 

1I.7J0227 

11.703793 

11.69745 4 

II.60IZ06 
11.685046 

11.678973 

11.672984 
11.667076 



11.661247 

"-655496 

11.649819 
11.644216 
11.638685 



11.633223 
11.627829 
11.622501 
11.617238 
11.6120 38 

11.606899 
11.601821 
11.596801 

11.501839 

If. 586931 
11.582081 

11.577283 
11.572538 

lr.567844 

11.563200 

11.558606 

« '-554059 
11.549560 

u 545107 
If. 54 0699 

".536335 

11. 532015 

11.527737 

11.523502 

".5^9307 



11.515152 

11.511037 

11.506960 
11.502922 
11.498920 

11.404955 

11.491026 

11.487133 
11.483274 
11.479449 
11.475657 

11.471898 
If. 468 172 

11.464477 

11.460814 

11.457181 

Secant. 



5 
4 
3 

2 
I 
o 

M 



88 Degrees, 



I 
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52 A liable of Artificial Sines y Tangents and Secants. 


p 


2 Degrees. | 


3 Degrees. 




o 


Sine. 




Tang. 




Secant. 


' 


60 


2 
P 

"0 


Sine 




Tang. 




Secant. 




60 


■ 


8.5428^9 


9-9*^9735 


8.543084 
8.546691 


11.456916 1 10 000265 


11.457181 


8.718800 


9.999404 


8.719396 


11.280604 


10.000596 
10.000602 


11.281200 




I 


8.546422 


9-99973} 


1 1 .453309 10.C00269 


II.45357S 


5? 


I 


8.721204 


9.999398 


8.721106 


11.278194 


11.278796 


(1 




2 


^.549595 


9.999726 


8.550268 


11.449712 10.OC0273 
11.446183 : 10.000278 


11,450005 


58 


2 


8.723595 


9-999391 


7.724203 
8.726588 


11.275796 


10.000609 


J 1.276405 
11.274028 




3 


J-553539 


9.999722 


8.553817 


11.446461 


57 


3 


8.725972 


9.999384 


1 1.2.73412 


10.OC0616 


57 




4 
~5 


8 557054 
8 5605^0 


9.9C9717 


8.5S7336 
8.5CC828 


11.442664 


10.000283 
10.0CC287 


11.441946 


56 
55 


_4 

5 


8.728337 
8-730688 


9-9993/8 


8.728959 

8.731J17 
8.733663 
8.735996 


11.271041 


10.OC0622 


11.271663 
11.269312 


55 




9 9957J3 


i'-439i7a 


11.439460 


9.999371 


11.268683 


10 000629 




6 


8.563999 


9.599708 


8 564291 


11.435709 ; 10.0C0292 


11.436001 


54 


6 


8.733027 


9.999364 


11.266337 


IC.C00636 


11.266973 


54 




7 


8.567451 


9. t (9704 


8.567727 


11.432272 , 10,000296 


11.432569 


53 


7 


8-735353 
8.737667 


9.999357 


11.264004 


10.OC0643 


11.264646 


53 




8 


S.570836 


9.999609 


8.571137 


11.428863 ' 10.000301 


11.429164 


5* 


8 


9999350 


8.738317 


11.261683 


10.OC0650 


11.262332 


52 




9 

lO 


8 574214 
8.577^66 


9^09694 
c. 999689 


8. 574; 20 
8.5778/7 


.11.425480 10.000306 
II.42SI23 \ 10,000311 


11.425786 

11.422434 


50 


_9 
10 


8.739969 
•8.742259 


9-999343 


8*740626 


11.259374 
11.257078 


10.C00657 
10.000664 


11.260031 


fo 




0.999336 


8.742922 


ii.»5-74-i 




II 


8.580892 


9.9S968<; 


8.<8j2c8 


11.418792 1 10.000315 


II.4I9I08 


♦s 


II 


8,744j36 
8.746801 


9.999329 


8.745*07 


11.254793 


IO.OOC67I 


11.255464. 


:i 




12 


8.584191 


9 C99680 


8.5845 '4 


11.415486 


10.000320 


11.415807 


48 


12 


9.999322 


8.747479 


11.252521 


10.000678 


11.2531^8 




M 


S. 587469 


9.C99675 


8.587794 


11.412206 


10.000325 


II.4I253I 


47 


'3 


8.749055 


9.999315 
9-999308 


8.749740 


11.250260 


10.C00685 


11.25094.5 


47 




^4 
V5 


8.5907*1 


?j99_9_^ 
9-99'9^65 


8.591051 
8.594183 


11.408949 


10.000330 
100C0335 


11.409279 


1^. 
45 


11 


8.751297 


8.751989 


11.2480x1 


10.000692 


11.248703 


46 

45 




8.593948 


11 405717 


11.406052 


8.753528 


9.999301 


8.754**7 


11*45773 


10.000699 


11 246472 




i6 


8.c97,5i 
8.600332 


9.999660 


8-59749* 


11.402508 


10.OC0340 


11.402848 


44 


16 


8.755747 


9.959294 


\-:',%i 


11.243547 


10.000706 


If. 244253 


44 




»7 


9.999655 


8.60C677 


11.3993*3 


10.000345 


11.399668 
11.396511 


43 


\l 


8-757955 


9.999286 


11.241332 


19.OCO713 


11.242045 


43 




i8 


8.603^^9 


6.999650 


8.603839 


II. 396x61 


10.000350 


4^ 


8.760151 


9.999279 


8.760872 


11.239128 


10.000721 


11.239849 


42 




^9 

20 


8.606613 
8,609734 


9.999645 
9.999640 


8.606978- 
8.6 0004 


11.303022 


10.CC0355 
10.000360 


"•393377 


41 
40 


20 


8.762337 
8.76451 1 


9-999*7* 


8.763065 


11.236935 
11.234753 


10.000728 
10.000735 


11.237663 


41 

40 




11.389906 


11.300266 


9.999265 


2.765246 


11.2354X9 




21 


8.612823 


9999635 


8.6131^9 
8.616262 


11.386811 


10.000365 


11.387176 


P 


21 18.766675 


9999*57 


8.767417 


11.232582 


10.OC0743 


11.233325 


39 




22 


8.6i;;89i 


9.999629 


11.383758 
11.380687 


10.0C0371 


11 384109 


22 ; 8.768827 


9.999*50 


8.769578 


I r. 230422 


10.000750 


11.231172 


38 




33 


8.618937 
8.621962 
8.62496"^ 


9.999624 


8.619313 


10.C00376 


11.381063 


37 


23 8.770970 


9.999*4* 


8.771727 


11.218273 


10.000758 


11.22903c 


37 




2^ 


9.999619 


8.622343 
8.62C352 


»'• 377657; 10000^81 
11.374648 10.C00386 


11.378038 
11.375035 


36 

3<; 


24 1 8.7731^1 
25*8.775223 
26 8.777333 


9-99S*35 


8.773866 


11.226133 


10.000765 


11.226899 


35 




9.999614 


9-999**7 


8-775995 


11.224C05 
11.221886 


16,000773 


11.224777 




26 


8.627948 


9.999608 


8.028340 


11.371660 IO.OOC392 


11.371052 
11.369089 


34 


9.999220 


8.778114 


10.OC0780 


1 1.222667 


34 




27 


8 630011 


9.999603 


9 631-308 
8.6342.6 
8 637184 
8.640C03 
8.642081 
8.64«;8^3 


11.368692 


10.COC397 


33 


17 8.779434 


9.999*1* 


8.780222 


11.219778 


XO.C00788 


11.220566 


33 




2S 


8.633854 


9-999597 


11.365744 


10 000405 
10.000408 
10.000413 


11.366146 


31 


28 ,8.781524 


9.999205 


8.782320 


11.217680 


10.C00795 


11.218476 


3* 




!? 

I-^ 


8^636776 
8 639680 


9:99959 i 
9.990586 


«. 3628 1 5 
?i.J59907 


11.353224 


3i 

30 


29 '8.783605 

30:8.785675 
31 18.787736 


9.999197 


8784408 


11.215592 


10.000803 


11.216395 


11 




11.360320 


9.999180 


8.786486 


11.213514 


10.000811 


11.214325 




3' 


8.642^6^ 


9-99958 r 


11.J57017 


10.000419 


"•357437 


2Q 


9.999181 


8.788C54 
8.79C613 


11.211446 


10.000818 


11.212264 


*9 




3* 


8.64^428 


9-99957^ 


If. 3 54147 


10.0C0425 


11.354572 


28 


3* 


8.789787 


9-S99174 


ri. 209387 


10.000826 


11.210213 


2S 




33 


8.648274 


9'99557c 


8J548704 


n. 3 51206 


10.0c 0430 


11.351726 
11.348898 


*7 


33 


8.791S28 


9.999166 


8.792662 


11207338 


10.C00834 


11 218172 


27 




11 

3^ 


8.6i;ii02 
8.6^3911 


9.999564 


8.651537 
8.654532 


11.348462 
11.345648 


10.000436 


26 
*5 


11 
35 


8.793859 
8.795881 


9.999158 


8.794701 
8.796732 


11.205299 


10 OC0842 
10.0C0850 


II. 206141 
1 1.2041 10 


26 
25 




9-999558 


10.000442 


11.346089 


9.999150 


11.203260 
11*201248 




36 


8.6567C2 


9-999553 


8.657149 


»i.34285r 


10.000447 


11.343298 


*4. 


36 8.797894 


9.999142 


8.79875* 


10.000858 


11. 202106 


*4 




37 


8.6J9475 


9-99-547 


8.659928 


11.340072 


10.000453 


11.340525 


*3 


37,8.799897 


9.999134 


8.800763 


ir. 199237 


10.C00866 


11.200103 


^3 




3» 


8.662230 
8.664968 
8.667689 


9.999541 


8.662689 


11.337311 


10.000459 
10.000405 


11.337770 


22 


3818.801891 


9-9991*6 


a.802765 
8^804758 

8*806742 


11.197235 


10.000174 


ii.iq8ic8 


22 


■ 


39 

40 


9:9?953^ 
9.9995*9 


8.665433 
8.668160 


11.334567 


11.335032 

11.332311 
11.329607 


21 

20 


39 18.803876 
40 8.805852 


9 99911^ 


11.195242 


10 OC0882 


11. i< 6124 


20 




11.331840 


10,000471 


9.999110 


11.193258 


10.0C0890 


11.194148 




41 


8.67030^ 


9.9995*4 


8 670870 


11.329130 


10.000476 


W 


41 8.807819 


9.9C-9102 


8.808717 


11.101283 


10.0C089S 


11.192181 


i<r 




4* 


8.673080 


9.9995*8 
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9.063723 

9.064806 
o 06^885 

8.066 •;6t 

9.06^036 
9069107 



9.070176 

9.071142 
9.071301 

6. 073366 
?:0;4424 

9.07 5480 
9.076513 
9077583 
9.07S63T 
9.079676 



9.997614 
9.997601 
9.997588 

9-997574 
9^997561 



9.080719 
0.081759 

9.082797 
r, -87872 
9.08486^ 
9.08^894 



9-997547 
9-997534 
9.997520 

9-997507 
9-99749J 
9.997480 
9.997466 
9.997452 

9-997439 
9.997425 



9.99741 1 

9-997397 
9.997383 
9.997369 
9*99735$ 



9.997341 
9.997327 

9-9973'3 
9.9971 9 
9-997*85 



9-997*7' 
9.997*57 
9.997242 
9.997228 
9.997214 



9.997109 
9.997185 
9.997170 
9.997156 
9^997141 



9.997 »»7 
9.9971 u 
9.997008 
9997083 
9>997c68 



9957053 
C.997039 
9 997<^24 
9997009 
9JJ96994 
9.996979 
9.996964 
9.996949 
0.996934 
0- 9969*9 



9.996C04 
9.996889 
9.99687A 
9.996858 
9-996843 



9.996828 
9.996812 

9-996797 
9.996782 
9.996766 
9*9 9675' 



Taog. 



9.021620 
9.022834 
9.024044 
9.025251 
9.026455 



9.027655 
9.028852 
9.030046 
9.031237 
9.032425 



9.033609 

903479' 
9.035969 

9*037144 
9038316 



9.039485 
9.040651 

904*813 
9.042973 
9.044130 

9.045284 
9.046434 
9.047582 
9-048-J27 
9><H9>69 



9.051008 
9.052144 
9.053277 
9.054407 
9«o^5^35 
9.0 ,66 r 9 

9-057781 
90585 

9.060016 
9.061130 



9.062240 

9.C63348 
9-064453 

9065C56 
9o6g6j5 



9.067752 
9.06X846 
9-C69938 
9.071027 
9- 07**13 
9-073197 
9 074*78 
9 075356 
9.07643* 
9*077505 
9078576 
9.07564^ 
9.o?07io 
9.081773 
9082834 
9.083891 
9.084947 
9.0E6000 
('.-87050 
9. c 88098 
9 089144 



[o. 978380 
:o. 9771 66 
[0.975956 
10.974749 
[2:973545 
[0.97234c 
ro.971148 
[O.960954 
10.968763 
'O.967575 
[0.966391 
:o.9652«9 
[0.964031 
ro.962856 
ro.961684 
[0.960515 

•959 "49 
..95»'87 

[0.957027 
10955870 
r 0.9 547 16 
[0.953566 
0.952418 
10.951273 
10.950131 



[0.948092 
[0.947856 
'0.9467*3 
0-945593 
0.944465 



to.943340 
10.9422 19 
[o.94tioo 
fo. 030084 
0'9 3^870 
to.937760 
pa 9366 52 
'o.9355^7 
'0.934444 
0*3333 4^ 



10.9322 i8 

fo.93"J3 
10.930002 

[0.928073 
10.91 7887 

ro.926803 
ro.925722 
ro.9a46^ 
[0.923568 
0.922440 



Sec2Bt. 



10.002386 
10.002399 
10.002412 
fo.002426 
10.002439 



10.002452 
10.002466 
xoi,oo2479 
XO.002493 
10.002507 



10.002520 
10 002534 
10.0025^8 
10.002561 

10.001575 



xo 002589 
10.001603 
XO.0026I7 
10.002631 
10.002645 



10.002659 
IO.C02673 
10.001687 
IO.C02701 
10002715 



10.002729 
io.oc274t 
10.002758 
10 002772 
10.C02786 



10.00^801 
10.002815 
10.002830 
io.oriP44 
10.002859 



10.0C2871 
10.002888 
10.CC2902 
10.002917 
10.002932 



io.oo29^6 
10.002961 
10.002976 
10.C02991 
10.003006 



[0.921424 
[0.910356 
[0.9 19290 
[0.9 18227 
[0^917167 I 



lo.r0302 1 
10.003036 
10 0030c I 
10.003066 
10*00308 1 



,916109 
[O.915053 
10.9 14000 
10.912950 
[0.911Q02 ' 
ro.9ic8?6 
I Tang. 



10.003096 
10.003111 
10.003126 
10.C03142 
10.003 1S7 



XO.C03172 
10.003187 

10.C0320t 

IO.C03218 
10.003234 
10.003249 



10.980765 

10.97956c 
10.978368 
10.977175 
10.975984 
10.974797 
10.973613 
10.971433 

X0.97I256 

10.970081 



10.968911 
10.967743 

10.966579 

10.965417 
10.964259 



10.963IC4 
10.961952 
10.960I0J 

10.950658 
10.958515 

10.957375 
10.956238 

10955135 
10.953074 

10.951846 
10.95 I71I 

10.950509 
10.040481 

10 648365 

10.94725 1 

10 946141 

10.945034 

io.r439io 
10.942828 
•0941729 



10.940633 
10.930540 

10938449 
10.937361 
10.936276 



10935194 
10.93411c 
10.933018 
10.931064 
10.930893 



10.920824 
10.518758 
10.927694 
10.926634 
10.9*5576 



10.924520 
10.913467 
10.922417 
10.921369 
10.920324 



10.919281 
10.918141 
16.917103 
10.916168 
10 9^5136 
10.914105 

Secant. 



M 



83 D€grm. 



7 Degrus^ 



Siat 



9.<^c894 
9.086911 

9*o;7947 
9.088970 
9.089990 

9.091008 
9.091014 
9.093037 
9.094047 
9.0950 56 

9.096061 
9097065 
9.098066 
9.099065 
9.100062 



9 X01056 
9.X02048 
9.103037 
9.104025 
9. 105010 



9.105991 

9.106973 
9.107951 
9.108927 
9.109 901 

9. 1 10873 
9.111842 
9. 1 12809 
9.113774 
9.114738 



9.11C698 
9.116656 
9.117612 

9.118567 
9.119519 

9. 120469 
9.121417 
19.122361 
9.1*3306 
39! 9. 1241418 

40 9- 1*5187 
4x 19. 126115 
42 '9.127060 
43 '9.127993 
44 91*^9*5 
4'(f 9.i2r8c4 

46 9. 1 30781 

47 9.131706 

48 9.13^630 
49|9ii3355« 



50 9.134470 

51 '9-i353«7 
51 913630J 
53 6.137*16 
54. 8.138117 



9-99675« 
9-996715 
9.996710 



55 9- » 39037 

56 9-139004 

57 '9.140850 

58 9i4»7r4 

59 9- '4*655 

60 9*143-^5^ 



9.996673 
9.996657 
9.996641 
9.996615 
9.996610 



9-996594 
9 996578 
9.996562 
9.996546 
9.996530 



9.996514 
9.996408 
9.99648: 



9.996465 
9.9964 49 

9-996433 
9.996417 
9.996400 
9.996384 
9.996368 



9-996351 
9.9963?5 

9.996318 
9.996302 
9.996285 
9.996269 
9.996151 
9.99623c 
9.996218 
9.996202 



9.996i8< 
9.996168 
9.996151 

9.996134 
9^6£X7 

9*996100 
9996083 
9.996066 
9.996049 
9*99603* 



9.906015 
9.9959'^K 
9.C95Q80 
9-995963 
9*99594 6 

9.9959** 
9-9959" 
9.995894 
9.995876 
9.995859 



9.995841 
9.995823 
9.995806 

9,995788 

^^•995770 

9-995753 

Sine. 



Tiflf. 



9.0891A4 
9.090187 
9.091218 
9.^2166 
9-09330 * 



9*094335 

9.095167 
9.096396 
9*0924*1 
9.098446 



9.099468 
9.100487 
9.101504 
9.1015x9 
9.103531 



9.11454* 
9.105550 
9.106556 
9.107559 
9^108560 



9.109559 
9.1x0556 
9111551 
9.111543 
9*113533 



9. 1 145*1 
9.115507 

9.116491 

9'i747i 

9 "845* 



9.1194*9 

9.110404 

9.1*1377 
9.11*348 
9!i*33i7 



9.114184 

9.115*49 
9- 116201 

9-127172 
9.1281 30 

9.119087 
9130041 

Q. 130994 
9131544 

9-'3*»93 



9x33839 
9.134785 
9- '357*6 
9.136666 
137605 
9.138542 

9.13947^ 
9.140409 

9-141340 
9.141269 




147802 



10.910856 

10900813 

10908771 



10.905664 
10914633 
10.903604 
10901578 
10901554 




10895458 

xo 894450 

«o»893444 

10891441 

10891440 

10. 

10. 

10 

xo 887457 

10. 



> W7457 
^886467 



X0.885479 
I08S4493 

10. 881548 



X0880571 
10870296 
10.871113 
10." ' 
io. 



^^M^ 



10.8757x6 
XO.8747CI 

10.873789 

10.8 ^2828 
10.871870 
X0.870913 

10.868056 
10.867107 

10. 866161 
10.865116 
10.864274 
10863333 
10 .862395 



10.861458 

to .860514 
10.850591 
10.858060 
1 0.857731 
10.856804 
10.855879 

10854956 
10.854034 
10.853115 
10852197 
Tang. 



Secut. 

X0.0031A9 
X0001165 
10.003180 
10.0^196 
10.00331s 

10.003317 
10.003343 
10003359 
10003375 
10003390 

10.003406 
10.0034m 
10013438 
10003454 
"0003470 



X0.C03486 
X0003501 
X0.0035XS 
10.003534 
10.003551 

10003567 
10003583 
10.003600 
19-003616 

10003631 



10.0036A9 
X0.003665 
X0.003681 
10.00369S 
10003715 



X0003731 
10003748 
10003765 
10.003781 
10003789 

10,0038x5 
X0.003831 
X0003849 
10.003866 
10.003883 



10.003900 
10.003917 
10.003934 
10.003951 
X00C3968 
xo.003985 
10.004001 
10.004010 
10.004037 
10.0040^ 
10.004071 
10.004089 
fo.004106 
10.004x24 
1000 4141 
10.004159 
10.004170 
10.0Q4194 
100042 12 
10.004219 
10004*47 



X0.9HW5 
•o-9tJ03i 
>P.9«1053 
XA.9XXO30 
10-910010 



X0.908992 

"<>-907976 
10^6963 

'0^5953 



»o«9oJ938 

»<*'902935 
X0901934 

'0^00935 
'0-8999^ 

to^6,i3 

»*>;9S975 

10-894990 

ioSr4oo8 
10893027 
XO892049 
10.891073 

108900^ 



10^127 
10J8S158 

10887191 
xo8862i6 
10885263 

iott4302 
X0J83344 

108S2387 

»o*»7575» 



10874813 
10^3875 

ia.j7*9«9 
10.971007 
10871075 



10^870146 
.VUUI69210 
»olMi9^ 

10J66449 



io 

I 
I 

55 
5* 

53 
5» 
5f 
SB 

^ 

47 
46 

45 
44 
43 
4> 

^ 
40 

19 



35 
34 
33 
l» 
li 

30 



\ 

»5 
M 
»S 
22 

21 



n 
If 

H 



fo.S6<53o 

10^664672 
10.S63607 
10.161784 

10861872 



10.S60963 
10.S60055 
xo.«5«i5o 
10.858146 
io.'S»344 
10.856445 



Secant. 



82 EhgTHU 



Digitized by 



Google 



10 

II 

12 

'3 

II 

17 
1% 

12 

10 

II 

22 

»3 
H 

II 

17 

28 

!2 

30 
31 
3» 
33 
34 

]^ 

39 
40 
41 
4« 

43 

11 

\l 

47 
48 

49 

50 
51 
?» 
53 
54 

58 



SiM 




Taog. 


9.143555 

9-144453 
9-145349 
9.146x41 
9.147136 


9.995753 
9.995735 
9.995717 
9.995609 
j^9j68i 

9.995661 
9.995646 
9.9956x8 
9.995^ 
9.99559« 


9.14780X 
9.148718 
9.149632 
9.150544 

9151454 


9*1480x6 

9.148915 
9.149801 
9.150686 
9.1515^ 


9.15x363 
9.153x69 
9.154174 
9.155077 
9.155978 


9.15245' 
9.153330 
9.154208 

9.155083 
9:;55957 
9.256830 
9.157700 
9.158569 

9159435 
9.100300 


9-995573 
9.995555 
9.995537 

9-9955»9 
9.995500 


9.156887 
9-157775 
9-158672 

9.159565 
9.160457 


9.995482 
9995464 
9.995445 
9.9954*7 
9.995409 


9.161347 
9.16XX36 
9.1631x3 
9.164008 
9.16489X 


9.161164 
9.16x0x5 
9.16x885 
9.163743 
9.164600 


9.995390 
9.995372 
9.995353 
9-995334 
9.995316 


9-16753* 
9.169x84 


916J454 
9.166307 

9.168008 
9.168856 
9.16970X 
9.17054* 
9.171389 
9.172230 
9.173070 


9.995*97 
9.995*78 
9.995260 

9.995*41 
9.995*22 


9.170157 
9.1710x9 
9.171899 
9.172767 
9.173634 


9.995*03 
9.995184 
9.995165 
9.995140 
9.9951x7 


9174499 

9.17J362 
9.176x24 
9.177084 
9177942 


9.173908 
9-174744 
9.175578 
9.176412 

9.17724* 


9.995108 
9.995089 
9.995070 
9.995051 
9.995032 


9.178799 

9.79655 
9.180508 
9.181360 
9.182211 


9178072 
9.17890P 
9-179726 
9.1^0551 
9-182374 


9.995013 
9-994993 
9*994974 
9-994955 
9-994935 


9.183059 
9.183907 
9.18475* 
9-185597 
9.186439 


9.18x196 
9.183016 
9 181834 
9.184651 
9.185466 
9.186x80 
9.18709X 
9.187903 
9.ilt87ix 
9 189519 


9.994916 
9.994896 

9.99^77 
9.994857 
9.954838 

9.994818 
9.994798 
9-994779 
9.994759 
9.994739 


9.187280 
9.1 88 120 
9.188957 
9.189795 
9- 190629 

9.191462 
9.193x94 
9.1931x4 
9.1939S3 
9.194780 


9.1903x5 

9.191130 
9.191933 

9.1927H 
9.193534 
9.19433* 


9.994719 
9.994700 
9.9946S0 
9.994660 
9.994640 
9.9946x0 


9.195606 
9.196430 
9.i0';2;3 
9 198074 
9.198894 
9.199712 


Sine 





10.85x207 
I0.85IX8X 
10.850368 

10.840456 

10.848546 

10.847637 

10.846731 
10.8458x6 
10.844923 

I0.8440SX 



ia843i23 
10.8422x5 
20.8413x9 
10.840435 
20.83954 3 



10 8386(3 

20.837704 
10.836877 

10.83599; 
10.835208 



10.834x^6 
10.833346 
10.83x468 
to.832591 

10.830716 

10.8x0843 
10.8x8971 
10.8x8202 
10.8x7x33, 
10.826366 

io.Sx5^oi 
10.8x4638 
10.8x3776 
20.822916 
10.8x205 7 

10.821201 
10.820345 
10.820492 
10.818640 
10.817789 

10.816940. 
10.816093 
10.815x47 
10.81/403 
10.813561 



10.8127x0 
10.811880 
10.81 104X 
10.810206 
TO.80937 1 

10.808^38 
10.807706 
10.806876 
20.806047 
10 80c 220 



10.804394 
10.803570 
10.802747 
10.801926 
10.8C1106 
10.800x87 



Tang. 



ffffmt_ 




10.004247 
10.004265 
20.004x83 
10.004301 
20,004328 


5 

3 7 

] 1 
] 6 
3 4 


20 004336 
20.004354 
10.004372 
10.004390 
10.004408 


3 ♦ 

i i 

] 1 


10.0044x7 
10.004445 
10.004463 
10.004481 
20.004499 


3 9 

] 

: 2 
3 7 

1 s 


20.004528 
10.004536 
20.004554 

20.004573 
10.004591 


] 
J 
] 1 
5 5 

1 ? 


10.004610 
20.0046x8 
20.004647 
10.004665 
10.004684 


1 6 
' 4 
3 5 
3 7 
1 


10.004703 
10.0047x1 
10.004740 
10.004759 
f 0.00477 8 


] 6 

' 1 
1 1 
108319^2 
10.831144 


10.004797 
10.004816 
10.004835 
10.004854 
10.004873 


10.830x98 
10.8x9453 
10.8x8611 
1 69 
1 30 


10.0C489X 
10.004911 
10.0C4930 
10.004949 
10.004968 


9X 
: 56 
: ix 

: 89 

1 57 


10.004987 
10.005007 
10.C050X6 
10.C05045 
10.005065 


1 ft 

I ,.00 

10.8x0x73 
10.819489 
20818626 


10.005084 
10.005104 
10.0051x3 
10.005243 
10.00C16X 


20.817804 
20.816984 
20.816166 
20.82^349 
10.814533 


10.C0518X 
10.005201 

IO.OO£X21 
10.005X41 
2000^261 


10.813720 
10.81x908 
10.81x007 
10.811x88 
10.810480 


10.005x80 
IO.CO53O9 
10.0053x0 
10.005940 
10.00^360 
10.005380 


10.808067 
10.807266 

io.8o6ii66 
10.805668 




Secxot. 



60 



81 Deirees, 



9,994620 
9.994600 
9.994580 
9.994560 
9.994540 



J.994519 
J.994499 

?.99447$ 
).994459 
?.994438 
^9944l8 
>.994397 
>-994377 
^994357 
^994336 



^994316 
^994295 
^.994274 
^•994*54 
^.994233 



^994212 

^994l9l 
^.994171 
^.994150 
^ 994129 

).994io8 
^994o87 
J.994066 

)-994045 
h9W^ 



^.994003 
J.993981 
J.993960 

^993939 
^9939l8 



J.993896 

^•993875 
^993854 

?.993|3* 
^993811 

^993789 
J-993768 
^.993746 

>.9937*5 
^993703 

J.993681 
^993660 
^.993638 
^9936I6 
>.995594 

?.99357* 
^.903550 
^.993528 
).r955o6 
^.993484 

^.593462 
H 9 3440 
?-9934i8 
^993396 
>-99?3H 

Sine 



Tang. 



9.199712 
0.XC0529 

9-201345 
9.XOX159 
9.XOX971 



9.X0378X 
9.204592 
9.XOC400 
9.X00207 
9.207013 



9.209816 
9.X08619 
9.X094X0 
9.210XXO 
9.ftiio28 



9.X11815 
9.XIX612 
9.X1340C 
9.x 14108 
9.X14989 



9.*i«f779 
9.216568 
9.217356 
9.218142 
9.218926 



9.219710 
9.22049X 
9.221272 
9.222052 
9.222830 



9 223606 
9.224318 
C.225I56 
9.225929 
9.X26700 



9.2*7471 
9.228239 
9-2*>co7 
9.229773 
9230539 



5.231302 
9.232065 
9 232826 
9.233586 
9*34345 



9.235103 
9*3^859 
9.236614 
9.237-568 
9.238120 



9.238872 
9.239622 
9.140371 
9.X41118 
9.241 865 



9.X42610 

9*43354 
9.244097 

9.244839 
9*4; 579 
9.X46319 



10.80^x87 

10.799471 
10.798655 
10.797841 
10.7970x9 



10.796x17 
10.795408 
10.794600 
'0.793793 
10.792987 



Scciot. 



20.792283 
10.791381 
10.700580 
20.789780 
10.788982 
10.788185 
10.787389 
20.786595 
10.785802 
10.78 5011 

10.784220 
10.783432 
10.78x644 
10.781858 
10.781074 



10.780x90 
10.770508 
10.7787x8 
10.777948 
10.777170 



>. 776393 
).77<;6i8 



10 

10.7756 

10.774844 

10.774071 

10.773300 



10.77x5x5 
10 771,60 
10.770993 
10.770226 
10.769461 



10.768698 
10.767935 
10.767174 
10.7664 24 
10.76(655 



10.764897 
10.764 idi 
10.763586 
TO.762672 
TO.7618PC 

Id. 761 128 
'10.760278 
10.7^0629 
10.758881 
10.75813 5 
20 757^90 
10.756646 
io.75<903 
10.755161 
10 7544x1 
10.753681 



"Wl 



Tang. 



10.0053(0 
io.o^54CO 
10.005420 
10.005440 
10.00 5460 

10.005481 
10.005501 
20.005521 
io«oo554i 
20.005562 

20.005C82 
20.00560X 
10.005623 
10.005643 
10.005664 



10.C05684 
10.005705 
10.0057x3 
IC.C05746 
10.005767 



10.005788 
10.005809 
10.005829 
10.005850 
20.0 05871 

10.00:892 
io.oc5,i3 
10.C05934 
10.C0595C 
10.00 5976 
10.005997 

lO.CODOlS 

10.006040 
io.oo6c6i 
10 006082 



IC.C06103 
10.C06125 
10.C06146 
10.C06168 
io.cc 6 89 

100C6211 
10.006232 
10.006254 

10.006275 
10.006297 



10.006319 
'0.006340 
10.006362 
10.006384 
io.or6ic6 
10.006428 
10.006450 
10.006471 
10.006493 
10.006516 



10.006518 
10.006560 
10.006^82 
TO.C06604 
io.'of626 
10 OC6648 



10.^05668 
10.80487Z 
10.804075 
10.8032SX 
10.80x489 

10.801689 
10.300909 
20. 80012 1 
10799334 
10-798549 



10.797765 
10.796983 
10.796x03 

10.795423 
10794645 



10.793869 
10.793094 
10.792320 
10.791548 
10.790778 

10.700C08 
10.780240 
10.788474 
10.787709 
10.786045 

10.786182 
10.785421 
10.784662 
10.78-903 
10.7 83146 
10.782301 
10.781626 
10.7808S4 
1C.780132 
10.7793 82 

10.778673 
10.777885 
10 777139 
10.776394 
10775650 

10.774508 
10.774167 
10.773427 
10.772689 
10.77195 2 
to. 7712 16 
1'. 7-0481 

10.769748 

10.760016 
10.76828 5 

10.767556 

io.76i5828 
10.766101 
io.76<;375 
TO.76465 1 

10.7639x7 
JO.763205 
10.762485 
10.761765 
20.761047 
10.760330 
Secant. 



60 

5! 

57 

55 

Si 

53 

5* 

51 

50 

,1 

45 
44 
43 
4* 
41 
40 
39 
38 

36 

35 

34 
33 
32 

.32 
30 

3C 
2§ 

27 
26 

25 
24 

*3 
22 
21 

xo 

\% 

17 
16 

15 

13 

12 
11 



I 



Digitized by 



Google 



56 A, Habk of Artificial Sines^ Tangents and Secants. 


10 Degrees. 1 


II Degrees. | 


? 



ii 

3 

4 

1 
I 

_9 
10 
11 

!± 
]l 
\l 

a 

10 
11 
22 

*3 

»4 

:i 

:? 
29 

30 

3« 
3* 
33 
34 

11 
\l 

I? 
40 

41 

42 

41 

14 
4? 
46 

is 

5^ 
5» 
^2 


Sine. 




Tang. 

9.146319 

9.247057 

9-*47794 
9.248530 
9.249264 


J0753681 
10.751941 
10.751206 
10.751470 
10-750736 


Secant. 




60 

it 

55 

55 

54 
53 
5* 

51 
50 

45 
44 
43 
4* 

±1 
40 

It 

i 

35 
34 
33 
3* 
V 
30 

!i 
11 

*5 
*4 
*3 
22 

21 

20 

li 

17 
16 

'5 
»4 
'1 

12 

M 

10 

1 

J 

M 


S 

5 

"0 

1 
1 
3 

4 

1 

7 

8 

10 
11 
11 
^3 
H 

IS 

16 

\l 

12 
20 
11 
11 
23 

*4 

11 

27 
18 

y 
30 
31 
3* 
33 
34 

11 

11 

.39 
40 

4" 
4* 
43 
44 

tl 

tl 
12 
50 

5« 

5* 
53 

s* 

\l 


Sine 




Ttng. 




Secant. 




9.239670 
9.14C3S6 

9.141 lOI 

9.141814 
9.iii<j26 


9-9933SI 
9 9933*9 
9.993307 
9.993184 
9993162 


10.006648 
X0.006671 
10.006693 
1 0.00671 j 
10.006738 


10.760330 

'"•759614 
10.758809 
10.758186 
IO-757474 


9.180595 
9.181248 
9.181897 
9.182544 
9.183190 


9 99^947 
9.991L12 

9.991897 
9.991S71 
9.991848 


918^652 
9.189136 
9.289999 
9.290671 
9.191341 


10.711348 

10.71c 674 
10.71.001 
10.7.9320 
10.708658 


10.0 8051 
lo.oi8' 78 
10008103 
lo.©*. 8127 
10.008151 
10.0-^177 
10.008201 

IO.OC8226 

10.0(8251 
10.0C8276 


10.7194 I fe 
107,^752 50 
10.718103 r? 

10.71:4;^ S: 
10.716809 50 


9.143137 

9-*43947 
9.1446; 6 
914S363 
9.146069 

9.246775 
9 147478 
9.24818 1 
9.248883 
9^49583 

9.15C182 
9.150980 
9151677 

9.* 5*373 
9.153067 


5.993140 
9993217 
9-993»95 
9-991171 
9.993 H9 

9-393^*7 
9.997104 
9.993081 
9.995059 
9.993036 


9.249998 
9.25073 ^ 
9.251461 
9 252191 
9^51925 

9.1536^8 

9*54374 
9.255100 
9.25^814 
9.156547 


10.750:01 
10.749270 

'o.748;?39 
10.747809 
10.747080 


10.006760 
10.C06783 
10.006805 
10.006818 
10.006851 


10.756763 
10.756053 

IO-755344 
10.754637 

"•753930 


9.183836 
9.284480 
9.185124 
9.185766 
9.186408 
9.287048 
9.187687 
9.288326 

9.28?964 
9.289600 


9.991S13 
9.991799 

999'774 
9.991749 

9.991724 


9.291013 
9.191682 
9.293^50 
9.294017 
9 294684 


10.707987 
10.707318 
10.706650 
10.705983 
'''•705316 


10.716164 55 
10,715510 54 
10.714876 53 
10.714234 p 
10.713592 51 

10.712952 50 
xo.TTiifi 4a 
f 0.71 1674 4I 
X0.711036 47 

1 .7i'^4oo 46 


io.746}5» 
10.745626 

«o.7449oo 
10.744176 
'''-743453 


10.C06871 
10.006896 
10.0:6919 
10.006941 
10.006964 


"•753**5 

10.75liC22 

10.751819 
10.751117 
10.7504J7 


9991699 
9.991674 
9.991649 
9.991624 
9^91599 

9 991574 
9991549 
9.991514 
9 991498 
9 99H73 
9.991448 
9.991421 
9-991397 
9.99137* 
9.991346 


9-*9i349 
9.296013 
9.296677 

9 297339 
9 29^001 


10,704651 
10.703987 
10.703313 
i». 70106 J 
10.70199^ 


lu.ot 83 >I 

10.008316 
X0.008351 
10 008376 
10.008401 

10.008416 

xo. 0084 51 
io.'oi?476 
io.of 8502 
10.0C8517 


9.993013 
9.992990 
9.991967 
9 99*<;44 
9 99*9»« 

9.99*898 
9.991875 
9.991851 
9.991819 
9.992806 
9.991783 
9.991759 
9.991736 
9.991713 
9.99*689 
9.992666 
9.992643 
9.992619 
9.991596 
9.99157* 

9.99*549 
9-99*5*5 
9.991501 
9.992478 
9'99H54 
9.992430 
9.991406 
9.992382 
9.992358 
9 99*33'; 


9.257169 
9.157990 
9.a587»o 
9.2^9418 
9.x6oi46 


10.7^173 1 
10.7420x0 
ic. 74 1 190 
10.740 C7X 
JO.739854 


10.C06987 
10.007010 
10 007031 
10.007056 
10.007079 


10.749718 
10.749010 
10.7483*3 
10.747627 
10.746931 


9.190236 
9.190870 
9.2915..4 
9.292137 
9.292768 


9.298661 

9.2993** 

9.209980 
9.300638 
9.301195 

9.3^1951 
9.301607 
9.303261 
9.303914 
9.304567 

9.305118 
9.30C869 
9.306519 
9.307167 
9.307815 


10.701338 
10.700678 
1 ». 700010 
10.690362 
10.695705 


lo.7» 9764 45 
10.7 9i3,n ^ 
10.708496 43 
10.707863 41 
10.7.7231 41 


9.153761 
9*54453 
9-»55l44 
9.15J834 
9.156513 


9.160861 
9.161578 
9.161291 
9.163005 
.9^63717 

9.164418 

9.165138 

9.16584 

9.266555 

9.267261 

9.267967 

9.168671 

9.269375 

9.17 077 

9.270779 


XC.730137 
10.738411 
10.737708 
XO.736905 
XO.736183 


10.007102 
10.00711c 
10.007148 
10.C07171 
10.007194 


10.746239 
"•745547 
10.744856 
10.744166 

"•743477 


9.293399 
9.294029 
9*94658 
9.195186 
9295913 


10.698049 
10.697393 

;::'6a 
10.695433 


10.008552 
10.008577 
10.008003 
10.008618 
10.008654 


i«*. 706601 40 
10.705971 32 

10.705342 jt 
10.704714 3. 

xo.7«4o87 36 


9.257211 
9.157808 

9.158583 
9.259268 

9.15995* 
9.260633 
9.161314 
9^.161994 
9.161673 

9.164027 
9.264703 
9 16 J 377 
9.266051 
9.166723 


10735^71 
10.734861 
10.734153 

10.733445 
10.732739 


1O.-.072I7 
xo 0071A0 
10.007264 
X0.007287 
xo 007310 
10.007334 
10.0073C7 
10.00738 r 
lo 007.^04 
JO. 00742 8 


" 74*789 
10.742102 
10.741417 
10.740732 
10.740049 


9*96539 
9.197164 

9.197788 
9.198411 
92990J4 

9 *99"655 
9.300267 
9.300895 
9.301514 

9.30**3* 


9.991321 
9.99x195 
9.991170 
9.991244 
9.99'*i8 


10.69478 a 
10.6941J1 
10.693481 
10.691811 
10.691184 


10.008679 
10.CC8705 
10.008730 
10.008756 
10.008782 


X...7CJ461 35 
X0.7028S6 34 
10.7011 1 j3 
10.701588 p 
10.700966 31 


10.731133 
10.731329 
10.730615 
10.729923 
10.719111 


10.738686 
10.738006 
10.737327 
10.736649 


9.991193 
9.991167 
9.991141 

9.991115 
9.991090 


9.308463 
9.309109 

9.309754 
9.310398 
9.311042 


10.691537 
10.690891 
10.690246 
xo.6896^1 
to.688958 

10.688315 
10.687673 
10.687031 
10.6S6391 
10.685753 


10.008807 
10.008833 
10.0088 C9 
10.008885 
to.008910 


10.700345 3t 
X0.6997H *# 
f 0.699105 il 

10.698486 27 
10.697868 16 


9.271470 
9.272178 
9.171876 

9 *73573 
9.274169 


10.718 cxx 

10.727811 
10.727114 
10.716417 
10.715731 


10.007451 
10.007475 
XO.007499 
10.007522 
10 007546 


"•735973 
10.735297 

10.734622 

"•733949 
10.733277 


9.301748 
9.303364 
9303979 
9 304593 
9.305107 


9 99"64 
9 99 "38 
9.991012 
9.990986 
9.990960 


9.311685 
9.311317 
9.312967 
9.3«36o8 
9.314147 


10.008936 
10.008961 
10.008 ^8S 
10.009014 
XO.009041 


10.696636 Z4 
10.696011 15 
10.695407 22 
10.69479) If 


9.i673C)4 
9.268065 
9.268734 
9.269401 
9.170069 


9.174964 
9.175658 
9.176351 
9.177043 
9-*77734 
9.178424 

9 *79"3 
9.1798'>1 
9.1F0488 
9.181174 


10.715^36 

10.72454* 
10.723649 
10.7119^7 
10.712266 


10.007570 
10007594 
10.C07618 
10.007641 
10.C07665 
JO 007689 
10.007713 
10.007737 
10.007761 
10.C07786 


10.731605 
10.73193? 
10.731266 
10.730598 
10.729931 


9.305819 
9.306430 
9.307041 
9.307650 
9308159 
9.308867 

9-309474 
9 310080 
9.310685 
9.311189 


9.99093J 
9.990908 
9.99''88i 
9.990855 
9.990829 


9.314885 

9 3»55*3 
9.316159 
9.316795 
9.317430 


10.685115 
10.684477 
10.6S3841 
10.683105 
X0.681570 


10.0. 9066 
10.009091 
XO.009118 
X0.009145 
10.009171 


10.694181 20 

"•693570 ro 
10.691959 rt 
f 0.6913 50 17 
X0.691741 16 


9-*70735 
9.27x400 
9.271063 

9.27*7*5 
9.273-^88 

9.27^49 
9.174708 
r.i7<;;67 
9.176024 
9.276681 


9992311 
9.992287 
9.992263 
9.992138 
9.992214 
9.991190 
9.991166 
9.992142 
9.992117 
9^9^93 

9.99*059 
9.99 C44 
9.991020 
99919^6 
9.991971 
9992947 
Sine. 


10.711 <76 
10.720887 
10,720199 
1^.710^12 
10.718826 


10.729165 
10.728600 
10.727936 
10.727274 
10.716612 


9.990803 
9^990777 
9 990750 
9.9907*4 
9.990697 


9.318064 
9.318697 

9.3193*9 
9.319961 
9.310591 


10.681936 
"•681303 
10.680670 
10.680030 
10.679408 


10.009197 
10.009213 
10.009150 
10.009176 
10.009303 


10.691131 15 

10.^526 ^ 
10.089920 i| 
10.^9315 11 
10.688711 II 


9. 18x858 

9.282542 
9 1S322; 
9'!3907 
9.184588 

0.2F5!6S 

9.285047 
9.2S6614 
9.2S7301 


10.718x41 

10.717458 

10.716775 
10.716C93 

10.715412 


10.007810 
JO.007834 
XO.007858 
10.007882 
10.007907 


10.715951 
10.715191 
10.724633 
10.713975 
io.723;i9 


9.311893 
9.311495 
9.313097 
9.313698 
9.314197 


9.990671 

9. 99064 A 
9.990618 
9.990501 
9.9^0565 


9.311221 
9.3*1851 

9.311479 
9.323106 
9^3*373S 


10.-^78778 

10. 678 149 

10.6771:11 
10.676894 
10.676167 


10.009319 

"•009355 
10.0C9382 
10.009409 
10.0C9435 


10.688107 !• 

10.687505 9 

10.686903 t 

10.686301 7 
X0.6S5702 6 




|9-*77337 

9.277091 

I9.27S644 

.9*79297 

9.189048 

9.280599 


XO.7147J* 
10.714053 

10.713375 
10.711699 
10.71202^ 
10.711348 


10.007931 

10.0079 qs 
10.0079R0 
10.008004 
1 10.008029 
10.008053 


10.72:663 
10.721C09 
10.721355 
10.720703 
10.720052 

10.719 }0| 


9.314896 

9-3iJ495 
9.316091 
9.316688 
9.317284 
9.3i787y 


9.9^0538 
9.990511 

99)048j 
9.990458 
9.990431 
9.990404 


9-3»43^8 

9.314983 
9.315607 
9.326130 
9.326853 
9-3*7474 


10.675641 
10.675)17 
10.674393 
10.6-3769 
10.673147 

10.671515 


10.009461 
10.009488 
10.009515 
10.009541 
10.009560 
10.009596 


•0.685105 5 
xo.68450^ 4 
10.683908 3 
•0.6833x1 • 
Io«63ft7i6 il 
10.681x11 •! 








T.ng. 




Secant. 




Sin-.. 




Taog. 




Se^aat. \u\ 


1 79 ^^^'^^^^ 1 


78 J 


Digrees. | 



Digitized by 



Google 



" 


-^ 7k^/f of Artificial Sines, Tangents and Secants. ^y 




** 


12 Digrus. 1 


13 Degrees. ] 




a 
"o 

X 

• 

S 

J 

1 

I 

1 

10 
XI 
12 

IS 
'4 

:i 

!i 

20 
21 
22 

»J 

H 

2 

JO 

Jt 

1» 

33 
M 

12 

39 


Sioe . 




Taag* 




Seouic. 

xo.oo9r96 

X0.009t»2 

10.009640 
XO.009676 
X0.009703 




60 

M 

55 

54 
53 
5* 

SI 
50 

tl 

45 
44 
43 
4* 
41 
40 

li 

l£ 

35 

34 
33 
3* 

2i 
30 

11 

*5 

*4 
»3 

22 
ax 

20 

;i 

15 

14 

13 

X2 
XX 

10 

1 

J 

5 
4 
3 

2 
1 


M 


1 

1 
2 

3 

-i 

1 

I 

s 

zo 
It 
11 

13 

11 

:i 

:i 
11 

20 

21 
22 

*3 

H 

:i 
11 

a 

3- 
3« 
3» 
33 
21 

li 

3? 
40 
41 

4* 
43 
44 

11 

18 

^0 
51 
5* 
53 
54 

li 

11 


Sine 




Tang. 


10.6366^6 
XO.636060 
10.635484 
X0.6349XO 
10.634336 


Secant. 

10.01x276 
xo 011305 
xo.oxt334 
10.0XX304. 
10.011393 


10.647917 
10.647365 
10.646819 
XO.646174 
X0.645729 


65 

M 

55 

54 
53 
5* 
il 

50 

*^ 
? 

45 
44 
43 
4* 

1' 
40 

!i 

M 

35 

34 
33 
3* 

2i 

30 

»5 

H 
*3 
22 

21 

20 

•5 
14 

13 

X2 
XX 

to 

i 
I 

5 
.4 

,3 

2 




9-3«2879 
9.3x8473 
9.319066 
9.319658 
9.32M49 


9-990S77 
9.99035X 

9-9903*4 
9-990997 


9.3*7474 
9.3*8095 
9.3*8715 
9.329334 
9.3*9953 


X0.672525 
X0.671905 
X0.67X285 
X0.670665 

XO.670O47 


X0.682I2X 

xo.«X527 
xo.«0934 
1 .2 

X ;o 
I io 

X 'O 
X il 

i ? 

1 [b 

1 14 

; i 

1 L3 

X- ,J0 

X0.672710 
10.672x38 
X ' 58 

1 L9 

X M 

1 H 

« >7 

1 'i 

1 12 

: n 

1 H 

I u 
1 53 

1 H 
> »5 

i-™^57 
X0.662390 

XO.661827 
XO.661258 
XO.660693 
XO.660129 
10.659566 

xo!65l^ 
XO.657881 

10.6573*1 
10.65676X 


9.35*088 

9.35*635 
9.35318X 
9.353726 
9.354*7* 


5-988§S 
9.988607 


9.363364 
9.363940 
9-364515 

9.366237 
9.3668x0 
9.367382 

9.367953 
9.368524 




9.320840 
9.321430 
9.3*10x9 
9.322607 
9'3»3W 


9.990270 

9.990H3 
9.9902fc 
9.990x88 
9.99016X 


9.330570 
9.33XX87 
9.$3i8o| 
9*33*4« 
9-333033 
9.333^ 
9.334*59 
9.334871 
9-33548* 
9.336093 


10.660043 
xa6ra8x3 
10.668x97 

10.000907 


10-009730 
xo.oo97«7 

to.009839 


9-3548x5 
9-355358 
9.35590X 
9.356443 
9.356984 


9'9^S7l 
9.^8548 

5«f25i9 
9.9884^9 
9.988460 


10.633763 
XO.633190 
xo.6326i8 
XO.632047 
10.631470 

XO.630906 
10.630312 
X0.629768 
X0.62020X 
X0.628633 


10.01x412 
10.0XX452 
XO.01X481 
xo 01x511 
10.01x540 


X0.645X85 
XO.644642 
X0.644099 
10.643557 
10.643016 




9.3*3780 
9.324366 
9.3*4^50 
9'3»5S34 
9.326XX7 


9.990x34 
9.990107 
9.990079 
9.990052 
9.990025 


10.666354 
X0.66574X 
X0.665X20 
10.664518 
X0.663907 


XO.009866 
XO.009893 
X0.00992I 
10,009948 
10.009975 


9.35J064 
9.358603 

V""\ 

6 5 

9 « 

9 7 

i I 
9 9 
9 1 
9 % 

' \ 

s s 

S 5 

9 4 
$ I 

5 I 
S 5 

I I 

9 1 
S 5 
I., 8 
9-371330 
9- 371852 

9-37*173 
9-37*894 


9.988430 
9,988401 
9.988371 

9.988341 
9.9883x2 


9.370*31 
9.370799 
9.37x367 


xo.ofi570 
X0.01X599 
10.01x620 
XO.OX1658 
10.0x1688 


10.642476 
XO.641936 
10.641397 
10.640859 
XO. 64032 X 




9.326700 
9.3»7j8x 
p.327862 
9.328442 
9.32902X 


9.989997 
9.989970 

9.98994* 
9.989915 
9.989887 


9.336702 
9-3373" 
9.337919 
9.3385*7 
9.339133 


10.663297 
xo. 662689 
I0.66208X 

xo.66o2^i 
10.659656 

X0.657845 

X0.656042 
10.655J4* 
10.65484s 


X0.OX0003 
XO.OX0030 
10.010058 
XO.0X0085 
10.0XOXX3 


9.988282 
9.988252 
9.988222 
9.988193 
9.988163 


9.371933 
9.37*499 
9.373064 
9.373629 

9.374193 


X0.628067 
X0.62750X 
10.626JJ35 
X0.62637X 
XO.625807 


xo.oii7i8 
10.01x748 
XO.OXX777- 
XO.011807 
xaoii837 


10.639785 

10.639248 
-X0.6387I3 
10.638178 
10.637644 
X0.637II1 
xo. 636578 
X0.636046 

'0-6355x5 
10.634984 




9.3*9599 
9.330176 

9-33'^53 
9.3313x8 
9.331903 


9.989860 
9.989832 
9.989804 
9.989777 
9-989749 


9-339739 
9.340344 
9-340948 
9HI55* 
9.34*155 


10.010XA0 
X0.0XOX69 
10.010x96 
X0.0X0223 

XO.Ol025f 

XO.OI0279 
10.0x0307 
IO.OX03J5 
10.0x0363 
X0.0 10390 


9.988133 
9.988103 

9.988073 
9.988043 
9-9880x3 


9.374756 
9-375319 
9.375881 
9.376442 
9.377003 


io.62'5X44 
XO.624681 
10.624 xxj^ 
10.623558 
10.622947 


X0.0X1867 
XO.OX1897 
10.0x1927 

XO.OX1957 
XO.01X987 

X0.012017 
XO.OX2047 
10.0x2078 
X0.012X08 
XO.0X2138 




9-33a478 
9.333;5» 
f'333M 
9.334«95 
9334766 


9.989665 
9.989637 
9.J89609 
9.989581 
9-989553 
9.9895*5 
9.989497 
9.989489 


9*34*757 
9.343358 
9.343958 
9.344558 
9.345157 


9-987983 
9.98795* 
9r987j22 
9.987892 
9-987842 

9-^7831 
9.987801 

9-987771 
9.987740 
9.987710 

9.987679 

9.987649 
9.987618 
9-987588 
9987557 


9.377563 
^•3781** 
9.37868X 

9.379*39 
9.379797 


19.622437 
10.6x1877 
10.62x319 
10.62076X 
10.620203 

X0.619646 
10.6x0090 
10.618534 

10.617979 
10,617425 

10.6x6871 
X0.616318 
X0.6X5766 
xo.6i5«i4 
to.614663 

10.6x4x12 
X0.6 1356a 
X0.6130X3 
xo.61246^ 
xo.6ix9f5 


10.634454 

»o.63392e 

XO.632868 
10.632341 

XO.631815 
X0.631289 
X0.630764 
X0.630239 
X0.612715 




9-335337 
9.335906 
9-330475 
9337043 
9.337^10 


9-345755 
9.345353 
9.346949 
9.347545 
9. 348 141 


10.654245 

10.653647 
X0.65305X 
X0.652J55 
X0.651S59 


10.0x04x8 
XO.OX0446 
10.010475 
10.010503 
X0.010531 


9.380354 
9.380910 
9.381465 

9,-«— ao 
9 75 

9 p 
9. 82 

1: n 

I i 
I n 

9 78 
9, M 
9.390270 

9-390815 

9.391359 
9.391903 

9-39*447 
9.392989 

9-39353' 


X0.012168 
XO.012199 

X0.012X29 

XO.OX2260 
X0.012390 

X 9.0x23a X 
10.012351 
XO.012382 
X0.012412 
10.012443 




9.338176 
9-33874* 
9.339306 
9-339871 
9.340434 


9.989441 
9.989413 

9-989384 
9.989356 
9.9893*8 


9.348735 
9.349329 

9-3499** 
9.350514 
9J5I106 

9.35'i697 
9-35**87 
9.352876 

9-353465 
9.354053 


X0.651265 

xo.6$o67X 
10.650078 

10.648303 
10.647713 

xa647i24 
10.646S35 
10.645947 


X0.010559 
10.010587 
10.0106x5 
X 0.010644 
10.010672 


X0.6291P2 
xo. 628670 
xo. 628 148 
10.627616 
10.627x06 




4* 
43 
44 


9.340996 

9-341558 
9.342x19 
9.342679 
9-H3*39 


9.989299 
9.989*71 
9.989H3 

9.989186 


XO.OI0700 
XO.OX0729 
10.0x0757 
XO.OX0796 
XO.OI0814 


9.373414 
9-373933 
9.37445* 
9.374970 
9-375487 


9-^75*6 
9.987495 
9.987465 
9.987434 
9.987403 


X0.OX2474 

X0.OX25Q4 

XO.OX253C 
10.012566 
X0.012597 

XO.OX1628 
xo.ot2659 
10.0x2690 
XO.OX272X 
10.012752 


XO.626586 
10.626067 

10-9*5548 
xa62503o 
xo.62451^ 




47 
48 

49 


9043797 
9-344355 
9.34491a 
9345469 
9.3A6024 


9,989157 
9.9891.18 
9.989100 
9.989071 
9.98904* 


9.J54640 
9-355»»7 
9- 355813 
9.356308 
9.356982 


xo. 645 3 6b 

10.644773 
XO.644187 
10.64360S 
ia6430i8 


10.010843 
10.010872 
XO.0XO90O 
X0.0X0920 
10.010958 

10.010986 
10.011015 
10.0x1044 
10.01x073 
10.01 xic 2 


10.656203 
10.6556^5 
10.655089 
X0.6S4531 
10.653975 


9.376003 
9.376519 

9-377035 

5 ? 

9 ox 

9 13 
9 ^ 

« li 

9 43 

9 '00 
9 68 
9 75 


9.98737* 
9.98734' 
9.987310 


10.61x369 
xo.6xo82ft 
X0.610276 
X0.609730 
10.609185 


10.623997 
10.623481 
10.922965 
X0.62245X 
X0.621937 

10.621423 

10.6209 XX 

X0.620308 
X0.6I9887 
10.619376 
10.618866 

10.6X784X 
10.617339 
XO.610832 
10.6x6315 




50 
5» 
5* 
S3 

54 


9.34^579 
9.347'J4 
9.347687 
9.348240 
9.34879* 


9.988956 


9.357566 
9.358149 
9-35873» 
9-359213 
9.3S9893 


10.642A34 
10.64x851 
xa64i269 
10.640687 
10.640106 
10.630526 

X0.638368 
10.637790 
10.637211 
XO.63663Q 

T»i)g. 


X0.653421 
XO.652866 
XO.652313 
XO.651760 
10.651208 


9.9871x7 
9.987186 
9,987155 
9.987124 
9.987092 


X0.608640 
10.608097 
10.607553 
xe.6o70ix 
10.606449 


X0.0J2783 
X0.012814 
X0.0X2845 
X0.012876 
X0.012908 




11 
12 


9-34P343 
9- 349893 
9.35«M43 
9.35^992 
9.351540 
9.352088 


9.988869 
9.9W840 
9.98881X 
9.988782 
9.985753 
9.988724 


9-360474 
9.361053 
9.361632 
9.362210 
9.362787 
9-363364 


i0.01II|l 

X0.0XIX60 
xo 01 1 180 

XO.OXX2X8 

XO.OXI247 
10.011276 


10.650656 
xo 650107 

10649557 

10.640008 

10.648459 

10.647912 
Secant. 


9.987061 
9.987030 

9.986936 
9.986904 


9-394073 
9.394614 

9-395154 
9.395693 
9.396233 
9.396771 


io.605v*7 
10.605386 
10.604846 
XO.604306 
•xo.6o$767 
10.603229 


.X0.0X2939 
X0.0X2970 
XO.0X3002 
10.013053 
xo.oi3o6a 
X0.0 13096 


i 






Sine 






Sim 1 


Tangi 


I Stfant. H 


i 
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Degrees. 














76. 


Digriis. _ 




f 

•4 



Digitized by 



Google 



S8 



A Tabk of Artificial Sines ^ Tangents and Secants. 



1 

2 

3 
_4 

'5 
6 

7 
.9 

lO 

II 

12 

\i 

18 

!? 
20 
2r 
22 
«3 
il 
2^ 
a6 
*7 

28 

£9 
30 
3* 
3* 

33 
31 

\i 

Vt 

12 
40 

4» 
42 

43 
If 
4? 
46 

\l 

19 
.50 
5» 
52 
53 
i4 

s*; 

56 

Is 



14 Degrees. 



Sine. 



V-383675 
9.384181 
9.3846S7 
9.785192 
9:3?5^92 
9.386201 

9.386704 

9 387*07 
0.387709 
9.388210 



9.388711 
9.389211 
9.3X9711 
9.390210 
9.390708 



9<3ty]zo6 
9.391703 
9.39319.; 
9.392695 
9 393 '90 
9-393^85 

9*394»79 
9 394673 
9.39516b 
9^95658 
9.396150 
9.396641 

9^397 31 
9-397621 
9 398111 



9.398600 

9 399088 

9-399575 
9.400062 

9400549 



9.401035 
9.401520- 
9.402005 
9.401489 
9402973 



9-403455 
9.403938 
9.404420 
9.404901 
9.405^82 



9.405862 
9.406141 
9.406820 
9.407299 
9-407777 



9-408*54 
9.408731 
9409207 
9.409682 
94 'oi57 



9.410632 
9.4111C6 

94:1579 
9.412051 

9.412514 
9 4 ^^996 



9.986904 
9.986873 
9.986841 
9.986809 
9-986778 



9.986746 
9 986714 
9.9S668J, 
9.986651 
9. " 'J9 

87 

55 

*3 

9 

.5? 

27 

W 

3' 
99 



9 
9 

9' 
9 
?: 
9 
9 
9 
9 

2l 

9.986266 
9.9S6234 
9.986202 
9 986169 
9.986^7 
9.986104 
9.986072 
9.986039 
9 986007 
9.985974 



9 98594* 

9.98^5843 
9. 985811 

9 985778 

9-985745 
9.985712 
9.985679 
9^85646 
9.985613 
9.985580 
9-985547 
9.985513 
9985480 



9.985447 
9.985414 
9.985380 

9985347 
9.985314 



9.985280 
9.985247 
9.985213 
9.985180 
9.985146 



9.985112 
9.985079 
9.985045 

9.985ori 
9.984978 
9.984944 



Tang. 



9.396771 

9-3973-9 
9.397846 
9.398383 
9.398919 



9'399455 
9.399990 
9.400524 
9.401058 
9-40159 1 
9*401124 
9.4026(6 
9.403187 
9.403718 
9.404249 

9.404778 
9.405108 
9.405836 
9.406364 
9.406892 



9.40741^ 
9.407945 
9.408471 
9./ 09996 
9.409521 



9.410045 
9.4>0569 
9.411092 
9.411615 
9.411137 



9 412658 
9.413179 
9.413699 
9.414210 
9.414738 



9.415257 

9»4'J775 
9.416293 

9.416810 

9-4^3*6 



9.417842 
9.418158 
9.418873 
9.419387 
9.419901 



9.410415 
9.420927 
9.4*1440 

9.4*1951 
9.412463 



I Sin^. 



9.422973 
9-423484 

9.4*3993 
9.4245*3 
■ 9.415011 

9-425519 
9.426027 
9.416534 
^.4*7041 



'•*%^^^ 



94*80 



I 



10.603229 
10.602691 
10.602154 
10.601617 
10.601081 
fO. 600545 
IO.60COZO 

"0.599479 
10.598942 
10 598409 



10.597876 

10.597344 
10.596813 
10.596282 
'0.59575^ 



10.595222 
10.594692 
10.594164 
10.593636 
10.593108 



10-592581 
10.592055 
10.591529 
10.591003 

lo. 590479 



10.589955 
10.589431 
10.588908 
10.588385 
10.587863 



10.587242 
10.586821 
10.586301 
10.585781 
10.585262 
10.584743 

10.584215 

10.583707 

10.583190 
' ro. 58 2673 

10.582157 
10.581642 
10.581127 
10.580613 
10.580099 



16.579585 
10.^579072 
10.578560 
10.578048 
'0.577537 
10.577026 
10:576516 
10.576006 

'0.575497 
10.574989 

10.574481 
10.573973 
10.573466 
10.572959 

10-57*453 
10.571947 



f Taag. 



Secant. 

0.013096 
0.C13127 
0.013159 
0.013191 
.013222 
0.013254 
0.013286 
0.013317 
0.013349 
0013381 



0.013413 
10.013445 
0.013J77 
0.013509 
'Oo»3^4y 
0.013573 
0.013605 
10.013637 
0.013669 
10013701 



0.013734 

0.013766 

0.01379 

0.013831 

0.013863 

0.01389s 
0.01392S 
0.01396- 
0.013993 
0.014C26 



0.014058 
0.014091 
0.014124 
0.014157 
[0,014189 



0.014222 
0.014255 
0.014288 
0.014311 
0-014354 



0.914387 
0.014420 
0.014453 
0.0144J6 
0.014520 



0.0145^3 
0.014586 
0.014619 
0.01460 
0.01 4686 

0.014720 
0.0147C3 
o.or4787 
0.014820 
0.014854 



0.014887 
o.or492i 

0-014955 

0.014989 

ro.015022 

TO.015056 



Ts'^grtes.. 



\JA 



0.616 
0.6151 

o 614808 

0.614303 



0.613799 

0.613296 
0.61279^ 
0.612291 
0.6 11790 

0.611289 
0.610789 
o 61C289 
0.609790 
0.609292 
0.60S704 
0.608297 
0.607801 
0.607305 
0.606809 
0.606315 
0.605821 
0.605527 
0.604834 
0.604342 



io.603850 
ro.6c335o 
ro.602868 
0.601378 
to6oi>t89 



0.601400 
0.600911 
0.600425 
[0.599937 

0-5 994S' 
0.59896} 
ro.598480 

0-597995 
0.5975 >» 
fo. 597028 



lo. 596545 
[o. 596062 

10.595580 
0.595090 
10.594618 

10.594,38 
'0-593659 

ro. 593180 
to. 592701 
r 0.59222 3 



0.591746 
0.591269 
0.59079, 
0.590218 
^0.589842 

0.585368 
0.588894 
0.588421 
0.587948 

0-5J7475 
0.587004 

S<Tart. 



^15 Degriei. \ 



Sine 



9.411996 
9.413467 
9.413938 
9.414408 
9414878 



!l. 



Z 



•415347 

.415815 

J.416283 

9.416751 

9-4'7*»7 



9.417684 
9.418149 
9.418615 
9.41907^ 
9^i954j 

9.420007 
9.410470 
94*0933 
9-4*1395 
9.421857 



9 422318 
9.422778 
9-4*3*38 

23 1 9.423697 

24 9.4*4156 

45! 9-4*46 1 5 
26 9-4*5073 
27:9-4*5530 
2819-4*5987 

29 94*6443 

30 9.426899 

31 9-4*7354 

32 94*7809 

33 9.428263 
34J 9.428717 

35 9-4*9170 

36 94*96*3 
37 '9450075 

- 9.4305*7 
9.43C978 



9.4313129 

9.431879 

9 43*3*8 

^^ 9-43*778 

44 9-433**6 

45 9-433675 

46 9-4341** 

47 9*434569 

48 9435016 

49 9-435462 

50 9435908 

51 9-436353 

52 9-436798 

53 9-437*4i 

54 9 4 37686 
9.438129 

,9-43857* 

57 1 9-4390x4 

58 9 439456 
9.439897 
9-430338 





Tang. 


- 


Secant. 


9.984944 
9.984Q10 
9.984876 
9.98484* 

9.98480S 

9.984774 
9.984740 
9.984706 
9.984672 

9 984637 


9.428051 
9-4*8557 
9-4*900* 
9.429566 

9.430070 

9-430573 
9.431075 
9-43»577 
9.432079 
9.432580 


10.571947 

10.57144* 
10.570938 
10.570434 
10. 565930 
10.560417 
10.568915 
10.568423 
10.567921 
10.567420 

10 566920 
10.566419 
10.565910 
IA565421 
10.5649*1 


10.015036 
10.015090 

]O.Ol5i2iL 

lo 015158 
10.015192 


10.015226 
10.015260 
io.oi529^ 
10.015328 
10.015362 


9.984603 
9-984569 
9-984535 
9-984500 
9.984466 


9.433080 
9-433580 
9.434080 
9*434579 
5.435078 
9-435576 
9.43^073 
9.436570 
9.437067 
9437563 


10.015397 
10.01 54 n 
10.015405 
^10.01 550 > 
*io.oi5534 
10.015568 
10.015603 
10.0 15637 
lo.* 15672 
10.015:06 


998443* 
9.984397 
9.984363 

9.9843*8 
9.984293 


10.564424 
10.563927 
10.563430 
10.562933 
10.561437 
10.561941 
xo. 56 1446 
10.560951 
10.560457 
10.559964 


9.984259 

9-984**4 
9.084189 

9-984155 
9.9S4120 


9.438059 

9-438554 
-9.439048 
9-439543 
9.440036 


10.015741 
10.015776 
io.oij8io 
10.0158A5 
10.015880 


9.984085 
9.984050 
9.984015 
9.983980 
9-983945 


9-440529 
9-44I021 

9-44'5'4 
9.442006 

9-44*497 
9.442988 
9-443479 
9.443968 
9.444458 
9-444 947 


10.559470 
10.558978 
10.558485 

J0.557994 
10.557502 

xo. 5 57011 
10.556511 
10.556031 
10.55554* 
10.555053 
10.554565 
10.554077 
10.553589 
10553102 
,10.552616 


10.015915 
10.015950 
10.01 ;985 
10.016219 
10.016054 


9.983910 

9-983875 
9.983840 
9.983805 
9.983770 


10.016089 
10.016124 
10.016160 
10.016195 

10.016230 


9.983735 
9.983700 
9.983664 
9.983629 
9-983594 

9.983558 
9-9835*3^ 
9.983487 

9-98145* 
9-983416 


9-445435 
94459*3 
9.446411 
9.446808 
9.447384 


10.016265 
10.016300 
10.016336 
10.016371 
10.016406 

10.016442 
10.016477 
10.016513 
10.016548 
X0.016584 


9.447870 
9.448156 
9.44884 X 
9.4493*6 
2^9810 

9.450294 
9.450777 
9.451260 

9-45x743 
9 45***5 


10.55x130 
ia55i644 
10.551159 
X0.550674 
10.550190 


9.983380 

9-983345 
9.983309 
9.983273 
9983*38 
9.983202 
9.983166 
9.983130 
9.983094 
9-983058 


10.549706 
10.540123 

*o. 548740 
10.548157 

>o. 547775 


X0.016619 
10.016655 
10.016691 
10.016726 
10.016762 
iaoi6798 
10.016834 
10016870 
10.016906 
10.016942 

10.016978 
10.0x7014 
10.017050 
10.0J7086 
xo.017111 
10.0x71 <;9 


9.45*706 

9-453668 
9-454148 
94546*8 


10.547294 
10.546813 
10546132 
10.54^851 
»o.54!r372 


9.983022 
9.982986 
9.982950 
9.982014 
9982878 
9.982842 


9.455107 
9.455586 
9-456064 

9.45654* 
9.457019 

9457496 


10544893 
10.544414 

XO.543936 

xo. 5434^8 

10.5419^1 

10.542504 

Tanp. 


Sine. 





10.3STCC4 

10.5S0533 

lo.jScota 
10.5S551,: 
lo.jSjtit 

io.5846;3 
10.58415^5 



10. 



5 c 

54 

xo-s^ini ;: 

>.5ll2si6 jc 
.J.5313SJ 4I 

10580^:0 4' 

iai8o456 ^ 

»o-579993 45 
10.57951C 44 
10.579067 4. 
I a 5711605 4. 
10578143 4, 

io.5776&i 40 
J0.577222 ji 
10.576762 jj 

10576503 j; 

'0-575^ ^ 

»o.5753^5 5^ 

'0.574917 u 

10-574470 33 

10.3:4013 3; 

io-$73S5? J' 



10.573JOJ 
10. 572646 
10.572191 
10.5717?; 
10 571183 



10.570S30 
10.570377 
10.569925 

10.569473 
10.569022 



10.56S571 
10.56S111 
10.567671 
10.567112 
10. 5667 



26 



10.56632 
10.5655:! 

10.56543. .J 

10.564984 u 

10J6453X 12 
10.564092 1: 
10.563647 % 
10.565202 
10.562758 
1 0. 562 3 14 
10.56)8:1 
10 56142S 
10.5609S6 

1 .5^544 

10.560103 
10.56066: 

"Sccam. 
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16 Decrees, j 


17 Degree . 


■ 


t 

c 


Sme 




Tang, 




Secant. 
10.017158 






S 


Sine 




Tjog. 


10.514661 


S C4nt. 
100194.4 


iu.3^4c6^ 


•6c 


: 


9.440138 


9.982841 


9.457496 


10.542504 


10.559662 


60 


9-46J935 
9.466348 


9.980596 9.485339 




J 


9.440778 


9.982805 


9-457973 


10.542027 


ro.017195 


10.559221 50 
10.558782 5! 




9.980558 9.485791 
9980519 9.486142 


10.51420a 
10 513758 


ip. 01 9442 
15.019481 


105J3652 







2 


9.441218 


9-9827691 9458449 


10.541551 


10.017211 
10.017267 




9.466761 


'0533*39 


S''^ 


; 


- 


9.44165S 


9-982733, 9.453925 
9.982696 9.4^9400 

9.982660 9.469875 


10.541075 


10.558342; 57 




9-467173 


9.9S0480 9.486693 


10.513207 


10.019520 


10.53282; 


")*' 




_4 


9.442096 
9-44M35 


10.540600 
10.540125 


10.017304 


10.557903 56 
10.557465 [ 55 


1 


9.467585 


9.980441 9-487143 
9.980403 9.487595 


10.512857 
10,512407 


10 0195^8 


10532^.5 
10.531004 


56 
55 




10.017340 


9.467996 


looi(j597 




6 


9.442973 


9.981623 9.460349 


10.539651 


10.017376 


10.557027 54 


9.468407 


9.980364 9.488043 


10.511957 


10.019636 


10531593 


54 


' 




9.443410 

9.443847 
9.444284 


9.982587 


9.460823 


10.539177 


10.017413 


10556590 '53 


7 


9.468817 


9.98032c 9.488492 
9.980286 9.48S941 


10511508 


10x1^675 


10.531183 


5S 




8 


9.982551 


9.461297 


10.538703 


10.017449 


10.556151152 


8 


9.469227 


10.511059 


10.019714 


10.530773 


52 




_9 

10 


9.981514 


9^61770 
9.461241 


10.538130 


xo.o 17486 


10.555716 


'f. 


10 


9.469637 


9.980247 


9.489390 
9.499838 


10.^106 
10.510162 


10.' 19753 
10 019792 


10.530363 
>o.539954 


5J 
50 




9.444710 


9.982477 


io.S377?8 
10.55-185 


10.017523 


10.555280 


9.470046 


9.980208 




11 


9-445155 


9.98241X 


9.462714 


10.017559 
10.017C96 
10.017633 
fo.017669 


10.554845:49 


IT 


9.470455 
9.470863 


9.980169 9.490286 


10.509714 


10.0198 ji 


'0.539545 


4<> 




u 


9.445^590 


9.981404 


9.463186 


10.536814 


10.554410 '48 


12 


9980130,9.490733 


10.500267 


10.019870 


10.520137 


48 




>3 


9-446025 


9.982367 


9.463658 


10.536142 
10.535871 
10.535401 


.10.553975 47 


n 


9471271 


9.980091 


9.491180 


10.50S820 


10.01990Q 
10 019948 
10.0199)8 


10.528729 


47 






9.446459 
9.446X91 
9.4473*0 


9.982331 


9.464128 


10.553541 46 
'o.553'07 , 45 


14 

'A 


9.471678 
9.472086 


9.980052 


9.49162-' 


10. 508373 


10528231 


46 
45 




9.982194 


9.464599 


lo 917706 


9.980012 


9.492073 


10 507927 


10.527914 




16 


9.981257 


9.465069 


10.534931 


10.017743 


1055.674 44 


9.472492 


9-979973 


9.492519 


10.50748 1 


10.C23O27 


10.527508 


U\. 


17 


9-447759 


9.982220 


9-465539 
9.466008 


10.534461 


10.017780 


10.552241 43 


T? 


9.47289S 


9.979934 
9.979895 


9 492965 


10.507035 


10 02ro66 


10.527101 


43 


i 


1% 


9.448191 


9.982187 
9.982146 


10.533992 


10.017817 


10.551809 4z 


18 


9.473304 


9-4934»o 
^493854 
9.494299 


10 506590 


10.C20105 


10.526696 


42 


]3 

2C 


9448623 

9.449054 
9.449485 


9.466476 


10.533:23 

10.5330C5 
10.5325^7 


10.017854 
10.017891 


10.551377 
10.550946 


11 

40 


»_9 
20 


9473710 


9979855 
9.979816 


10.506145 
10 505701 


10.020145 
10.0201 84 


10.526290 


41 
40 


{ 


9.982109 


9.466945 


9.474115 


10 525)585 


: 


21 


9.981072 


9.467413 


16.917928 


10.550515 


\l 


21 


9.474519 


9.979776 


9-494743 


10.505257 


lO.O2022d 


10 525481 


3^ 


> 


22 


9.449915 


9.58203J 
9-981998 


9.467880 


fo.532120 


10.017965 


10.550085 


22 


9-474923 


9-979737 


9.495186 


10.504813 


10 020263 


10 523077 


38 


\ 


»1 


9-450145 


9.468347 
9468814 


io.53'6?3 
10.531186 


10.018002 


10.549655 37 


23 


9.475327 


9.979697 


9-495630 
9.496073 


10.504370 


10.020303 


JO. 524673 


37 




2S 


?45£775 
9451204 


9.981961 


10.018039 
10.018076 


10.549225 36 

10.548796,35 


24 

11 


9-475730 


9.979659 


10. .5^^3927 
10.503485 


10.010342 
10 020382 


10 (;2427o 
10.513867 


36 
35 




lll]U 


9.469280 


10.530720 


9 476133 '9-979618 
9.476536,9-979578 


9.496515 




26 


9-451632 
9452C60 


9.469746 


10-530254 
10.529789 


10018114 


10.548368 


34 


9.496957 


10.503043 


10 020421 


10.523464 


34 


^ 


27 


9.981849 


9.470111 


IO.OI815I 


10.547940 


33 


27 


9-476938 19-979539 


9-497399 
9.497841 


10.502601 


XO.O2O461 


10.523062 


33 




28 


9.452488 


9.98J8I2 


9.470676 


10.5*0224 
10.5188^9 
10.528395 


io.oi8i83 


10.547512 


32 


28 


9-477340 9.979499 


10.502150 
10.501718 

10,501278 


10.020501 


10.522660 


32 


r 


29 


9-45334* 


9.981774 


9.471141 

9-471605 
9.472C68 


10.018226 


10.547085 
10.546658 


% 


^1 
30 


9-477741 


9J7945? 
9.979419 


9498282 


IO.O2OS4I 


10.522259 
10.521858 


V 
30 




9.981737 


10.018263 


9.478142 


9.498722 


io»o2oc8o 
10.020620 




V 


9.453768 


9.981699 


10.527931 
10.527468 


10.C18300 


10.546235 
10.545806 


2Q 


31 


9.478542 9.979380 


9499163 


10.5C0837 


10.521458 


\l 




12 


9.454194 


9.981662 


9-472532 


10.01S338 


28 


31 


9.478942 9*979340 


9499603 


10.500397 


10.020660 


10.521058 


* 


11 


9.454619 


^.981624 


9.472995 


10.527005 


10.018375 


10.545381 


27 


33 


9.479342 9-9793?o 


9.500042 


10.499958 


10.020700 


10.520658 


27 


J 


34 


9.455044 
9.455469 


9.981587 


9-473457 


10.526543 
10.526081 


XO.018413 
10.0184C1 


10 544956 


26 


34 

7^ 


9-479741 
9480140 


9.979260 
9.979220 


9.500481 


10.499519 
10.490080 
10.49S641 


10.020740 
10.020780 


10.520259 
IO.519S60 


26 

25 


f 


9.981549 


9.473919 


io54f53i 


9.500920 




16 


9455893 


9.98I5I2 


9.474381 
9.474842 


16.525610 
10.515158 


10.018438 


10.544107 


24 


36 


9.480538 9-979i»o 


9.501359 


10 020820 


10.519461 


M 


' 


17 


9.45631& 


9.981474 


10.018526 


10.543684 


»3 


37 


9.480937 9-979140 


9.501797 


10.498203 


10.020860 


10.519063 
10.518666 


23 




^8 


9-456759 
9.457161 


9.981436 


9-475303 


10.514697 


10.018564 
10.018601 
10.018639 


10.543261 


22 


38 


9.481334 9 979100 


9.502235 


10.497765 
10.497328 


10.020900 


22 




1! 
40 


9^81399 
9.98I36I 


2:475763 
9.476123 


10.524*37 


io.-;42838 
xo. 542416 


21 
20 


3? 
40 


9.481731 


9.979059 


9.502672 
9.503109 
9503546 
9 503982 


10.020941 
10 020981 


XO. 518268 

10.517871 


21 

20 




9457584 


10.523777 


9.482128 


9979019 
9.978979 


10.4 96891 




4» 


9.4580C6 9-981323 


9.476683 


10.523317 
10.522858 


19.018677 


10.541994 


;i 


41 


9.482525 


10.496454 


10. 02 1 02 1 


10.517475 


:i 


' 


42 


9 458427 


9.981285 


9-477142 


20.018715 


10.541573 


42 


9482921 


9.978939 


10.496018 


10.021061 


10.517079 




41 


9.458848 


9.981247 


9.477601 


10.512399 


10.018753 


10.541152 


17 


43 


9.483316 


9.978I9I 


9.504418 


10.495582 


10.021102 


10.516683 
10.516288 

10.515893 


17 




44 


9.459268 


9.981209 


f.478059 


10^21941 
IC.521483 


10.018791 
10.018829 


10.540732 

10.540212 
10.539892 


16 
15 


4^ 


9-48^712 
9.484107 


9.978858 
9.978817 


9.5048^4 


10.495146 


10.021142 
10.021182 


16 

15 




9.459688 
9.460108 


9.98II7I 


9-478517 


9.505289 


10.494711 




9.98II33 


9.478975 


10. 52102 j 
10.520568 


10.018867 


14 


46 


9.^ 01 


9-978777 


9505724 
9 506159 


io.4542'»6 


10.021223 


10.515499 


14 


. 


4' 


9.460527 


9.981095 


9-479432 
9.479889 


10.018905 


10 539473 


n 


47 


9- 95 
9.. 89 


9.978736 


10.493841 


10.0x1263 


10.515105 


13 




48 


9.460946 


9.981057 


lO. 5201 11 


10.018943 
iao.8981 


10.539054 
10.538636 
10.538218 


12 


48 


9.978696 


9.506593 


10.493407 


10.02 1 304 


10.514711 


12 


< 


4c 


9.461364 
9.461781 


9.981029 


9^80345 
9.4^0801 


10.519655 


11 

10 


49 
50 


9^ 82 
9-- 75 


9.978655 
9.978615 


9-507027 


10492973 
10.492540 


10.021345 
10.021385 


10.514318 

10.513925 


11 
10 


< 


9.980980 


10.519199 
^^•5'!743 
10.518288 


10.019010 
10.019058 


9.507A60 
9.507892 
9.508326 




SI 


9.461199 


9.980942 


9.481257 


10.537801 


1 


CT 


9.. 67 


9-978574 


10.492107 


10.021416 


10.513533 


1 


i 


^1 


9-461616 


9.980004 


9.481712 


10.019096 


^0-537384 


52 


9- 59 


9.978533 


10.491674 


10 011467 


10.513140 




51 


9.463031 


9.9«o866 
9.980817 


9.482167 


10.517833 


10019134 


10.536968 


7 


53 


9- 51 


9-978493 


9.508759 


10.491241 


10.021507 


10.512749 


7 


' 


S4 

SS 


9.463448 
9.463864 


9.482621 


10.517379 


10.019173 


10 <;36552 
10.536136 


6^ 
5 


54 
5^ 


9- 43 
6. 33 


9.978452 
9.978411 


9.509191 


10.490809 
10.490378 
10.489946 


IO.P21548 


io-5i23<?7 
10.511966 


6 

5 


♦ 


9.980J89 


9.483075 


io»5 16925 


10.019211 


9.509641 


10.02 I5S9 
IOO2I63O 


\ 


S6 


9.464179 


9.980750 


9.483529 


10.516471 


10.019249 
10.01928s 
10.0:9326 


10.535721 


4 


'56 


9- 24 


9.978370 


9.510054 


10 511^76 


4 




■7 

^8 


9-464694 
9.465108 


9.980712 
9.980673 


9483982 
9.484887 


10.516018 
10.515565 


10.535J06 
10.534892 


3 

2 


^5 


9- 14 
9.^^-04 


|:?7ll8l 


9.51048c 
9.510916 


10.489515 
10 489084 


10.021671 
IO.CII7II 


10.51M86 
10 510796 


3 

2 


? 


r. 


9.465S52 


9.98063c 
9.980596 

Sine. 


10.515113 


10.019365 


10.534478 


1 


^9 


9.48950^ 
940998I 


9.978247 


9.511346 


10.488654 


10.011753 


10.510407 


1 




60 


946593 5 


9-48533<^ 
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9-59^878 



9-5953 

9-w: 

9 



9-597M7 
9.597616 

9-597985 
9-5fig354 



9-599091 
9-599459 
9.5998*7 
9.600104 
9.600562 



9.6C0929 
9.601196 
9.601661 
9.602019 
9.^0*395 



9.601761 
9.603127 

9.604113 



9.604588 
9.604953 
9.605J17 

ft-Jo|68i 
9.606046 
9.606410 



*o 415823 



•.41544J 
10.415^68 



10.415 
10.415 
IQ414691 
10414314 

T0413918 

'0.413565 
10.4.13181 
10.412810 
10.412434 



Mn<?9 

»0933 
losoo 

1041 OJ 86 

10.499812 
W.409438 
10.40J065 
10.408692 



104083 19 
10.407946 

19.407574 
10.407201 
10.406829 



«9.4o57>5 
10.405344 

'<»4o4973 



19.404601 
19.404132 
19.403861 

I049349* 
10.403122 



10.402753 
10.402384 
10.4020x5 
10401645 
10401274 



10.400999 
10.40C541 
10400176 
10.399801 
10. 399438 



10.390071 
10.398704 
10.398337 
10 397971 
10.397605 

10.397*39 
10.396873 
10.396507 
10.396142 
'0-395777 
10.395412 

10.395047 
ip. 394681 
10.394318 
"0-393954 
10.393590 
Tang. 



10.01984S 
10.019897 

10.029945 
10.029994 
10.030043 



10.03C090 
10.030140 
10.030189 
1 0.030238 
10.03 0286 
10.03OJ15 
io.930384 
19.030413 
10.030481 
10.03053 



IQ.030580 
f 0.030630 
xo. 0306 7 9 
10.030728 
10 30777 

10.030827 
xao3o$76 
^0.030915 
19.030975 
10.031024 



10.031074 
10.031123 
10.031173 
10.031113 
10.031172 



iao3 - 322 
10.031371 
]^ao3t4ii 
xao3i472 
IQ.031521 



IQ.031C71 
iao3i6ii 
iao3i67i 
10.031721 
10.031771 



101.031811 
iao}i872 
10.031922 
10.031973 
10.032023 



10.032073 
10.032124 
10.031174 
to.032215 
10.032275 



10.031316 
10^031376 
10.031417 
]ao3i478 
10*031529 



10.032579 
10.031616 
la 03268 1 
10.03271a 
10.032783 
to 032834 



10.445671 

10.44534* 
10.445013 
10.444685 

W.4442S7 



10444014 
10.443701 

10.443374 
10.443047 
104427^0 



10442394 
10.441063 
10.441742 
10.441416 
1044x091 



10.440766 
10.440441 
10.440117 

'0.439793 
10.439469 

10.430145 
10.438822 

10.438499 
10.438x76 
10437854 



10.43753^ 
10.4372x0 
10.436888 
10.436566 
10.436245 



10.435925 
10.435605 
10.435184 
10.414964 
ia.434644 



10,434324 
10.43400^ 
10.433686 
10.433368 
10.433049 



10.431731 

1043HI3 
10.411090 
10,431778 
10431461 



10.431144 
10.430828 
10.430512 
10430106 
10 42988 



10.429564 
10.410249 
10.4*8933 
10418620 
10428305 

10427991 
10.427677 

10.4*73^3 
10.427050 

X0.426737 
10.426425 

^SccanfT 
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A Table of Artificial Sines, Tangents and Secants. 



2% 



Degreis, 



23 Degrees. 



Sine, 



9.5738M 
9.574Z00 
9.574511 
9.574824 



7 
8 

_9 
10 
IX 

12 

M 

\l 

!? 
20 
21 
22 

as 
24 

*<; 
26 

:i 

!2 
30 

3« 

3* 
33 

34 

li 
II 

39 
40 
41 
4* 
43 
44 

4^ 
46 

'^ 
45 

y> 

52 
53 

56 
1? 



9.575136 
9-575447 
9-575758 
9.576068 

9-5 76379 
9.576689 
9.576999 

9-577309 
9.577618 

9-5779*7 



9.967166 
9.967115 
9.967064 
9.967012 
9.966961 

9.966910 
9.966859 
9.966807 
9.966756 
9-966704 



Taog. 



9.606410 
9.606773 
9.607137 
9.607C00 
9.607863 



9.578236 

9-578545 
9.578853 
9.579162 
9-579469 



9-579777 
9.580084 
9.580392 
9.580699 
9.581005 



9-58«3« 

9.58161 

9^.581924 

9.582229 

9^8*534 



9-966653 
9.966602 
9.966550 
9.966499 
9.966447 



10.393590 
10.393*27 
10.392863 
10.392500 
10.392137 



9.582840 
9-583144 
9.583449 



9.5841 



9.966395 
9.966344 
9.966292 
9.966240 
9.966188 
9.966 1 j6 
9.966085 
9-966033 

9.96598* 
9-9659*8 

9.96^876 
9.965824 
9.965772 
9.965720 
9.965668 



9.608225 
9.608588 
9.608950 
9.609312 
9. 609674 

9.610039 
9.610397 
9.610759 
9.611x20 
9.611480 

9.611841 
9.61200) 
9.6j256i 
9.6x2921 
9.613281 



10.391775 
10.391412 
10.39XC50 
I0.3906&8 
10 390326 



^058 



9-584361 
9.58466c 
9.584968 
9.585272 
9-585574 



9-58«;877 
9.586179 
9.586482 
9.C86783 
9-587085 



9,587386 
9.587688 
9. > 87988 
9.C83289 
9 58859* 
9.588890 
9.589190 
9.589489 
9.589783 
9-59 



9.965615 
9.965563 
9.9655x1 
9.965458 
9.965406 



9-96S353 
9.965301 
9,965248 
9.965195 
9 965143 



9.61 364X 
9.614000 
9.614359 
9.614718 
9- 615077 
9.615435 
9.615793 
9.6x6151 
9.616509 
9.616867 



9.617224 
9.617581 

9.617938 
9.618295 
9.6x8652 



^.965090 
9,965037 
9.964984 
9.964031 
9.^64878 



9.964816 
9-964773 



9-590387 
9.5906816 

^-590984 
9 591281 
9.59IC80 
9.591878 



9.96+560 
9.964^07 
9,96^4454 
9.964400 
9.964347 



9.964294 
9.964240 
9.964x87 
9.964133 
9 964080 
9.964026 
Sine. 



9.619068 
9.619364 
9.619720 
9.620076 
9.620432 
9.620787 
9.611142 
9.621497 
9.621852 
9.(22207 



10.389964 
10.389602 
10.380241 
10.38S880 
10.388520 

10.388159 

10.387799 
10.387438 
10.387079 
10.386719 



Secaat. 

xo.032814 
10. 03288 j 
10.0329^0 
XO.032987 
10.03 3039 

10.033090 
10.033141 
f 0.033 192 
10.033244 
10.033295 



9.622561 
9.622915 
9.623269 
9.623623 
9.623976 

9.4^4683 
9.625036 
9r.625388 
' 96257 41 



9.626093 
9.626445 
9.626707 
9.627149 
9 627501 
9.627852 



10.386359 
10.386000 
10.3856J1 
10.385282 
10.384923 



10384565 
10.384207 
10.383849 
10.383491 
10^383x33 



10.426425 
1 0.426 112 
10.425800 
10.425488 
10.425176 

X0.424864 
XO.424553 
10.424242 
10.423931 
10.423621 



10.033347 
10.033398 
10.033450 
10.03350X 
10.033553 



10.423311 
10.423001 
10.422691 
10.422382 
10.422072 



0.033605 
0.033656 



10.03365 
10.033708 
10.033760 
10 033912 



10.033863 
10.033915 
10.033967 
10.034019 
10.034071 



10.382776 
X 0.38241 8 
10.382061 
10.38x705 
10.381347 

10.380992 
10.380635 
10.380279 

10.37994 
'0-379i68 



10.379213 
10.378858 
10.378501 
10.378148 

TO-377793 

10.377439 
10.377085 
10,376731 

10.376377 
IC.376024 



10.375670 
10. 3753 J7 
10.374964 
10.374612 
10 374«59 
10.373907 

'0-373555 
10.373203 
10.372851 
10.372499 
10.372148 
Tang 



10.034124 
XO.034176 
10.034228 
10.034280 
10.034332 

10.034385 
10.034437 
10.034489 
10.034542 
10.034594 



XO.421764 
10.421455 
10.421146 
10.420838 
10.420530 

10.420233 
10.41991c 
10.419608 
10.410301 
10.418995 



iO.034647 
10.034699 
10.034752 
10.034805 
10.034857 
10.0349x0 
10.034963 
10.035016 
10.035069 
10.035121 



10.035174 
10.035217 
10.035280 
10.035333 
10,035387 

xo.035440 
10.035493 
10.035546 
10.035600 
10.03 S659 
10.035706 
10.035760 
10.035813 
10.035867 
10.035920 
10.035074 



10.418688 
10.418382 
10.418076 
10.417771 
10.417465 



10.417160 
10.416855 
10.416551 
10.416246 
y>-4»594« 



10^.15638 

'0^*5335 
10.415031 
10,414728 
10.414415 
10.414x23 
X0.4 13820 
10.413518 
X0.413216 
10.412915 



60I 

5! 

I 

55 
54 
53 
5* 
5* 
50 

:s 

45 
44 
43 

4* 
41 
40 

|i 

36 

35 
34 
33 
3* 
H 
30 
29 
28 

»7 
26 

*5 
^4 
*3 
22 
21 



Sine 



9.591878 
9.592175 

9.592473 
9.592770 
9.593069 



10.4126x3 
10.412312 
10.4x20x1 
10.4117x1 
10.411410 
X0.411110 
10.4T0810 
10.410511 
10.410211 
10.409912 



10.40961 J 
10.40931^ 
10.400016 
10.408718 
10.408410 
10.408x22 



67 Degrees* 



Recant. 



7 
8 

_9 
xo 

IX 
12 

»3 

\i 

\l 

11 
20 
21 
22 

13 

ii 
II 

!2 
30 

3' 
3» 

33 
34 

36 

II 

39 

40 
41 
4a 
43 



9.592363 
9.593659 
9-593955 
9.594*5* 
9-594547 



9.964026 
9.96397* 
9.963019 
9.963865 
9.963811 



9.594842 
9.595«37 
9-59543* 
9-5957*7 
9-5960** 



9-963757 
9.963704 
9.963650 
9.963596 
9-96y543 



9.596315 
9.596609 
9.596903 
9.597196 
597490 



9-963488 

9963434 
9.963379 
9.963325 
9.963281 



9597783 
9.598075 
9.598368 
9.598660 
9.59895 



9.599*44 
9.599536 
9-5998*7 
9.600118 
9.600409 



9.600500 
9,600900 
9.601280 
9.601C70 
9.601860 



Taof. 



►.627853 
J.628203 
9.628554 
9.628905 
9.6*9*55 



9.629606 
9.629956 
9.630306 
9.630656 
9.631005 



10.372148 
10.371797 
10.37144.8 
10.371095 
10.370745 



10.370394 
10.370044 
10.369694 
10 369344 
10.368995 



9.9632x7 
9.963162 
9.963108 
9.963054 
9.962999 



9.962045 
9.962890 
9.962816 
9.962781 

9.961727 



9.Q62672 
9.962617 
9.962562 
9.962509 



9.602149 

9 

9 

9 

i 

9 



^: 



9.962398 
P.9623J1 
9.962288 
9.962231 
9.96**7 



*7 

70 
57 
L5 
3* 

:i 

9* 

a 

22 
07 



9.962123 
9.962067 
9.962012 
9.96x957 
9.961902 



9.607892 
9.608176 
9.608461 
9.608745 
9.609029 
9.609313 



9.961846 
9-96*79* 
9-96*735 

9.96i6go 
9.961624 

9.96*569 
9.9615*3 
9.96x458 
9.96x402 
9.961346 



9.631354 
9.631704 
9.632053 
9.631401 
9.631: ^ 

9.633<55 
9.633447 
9.633795 
9.634143 
9.634490 
9.634S18 
9.635x85 
9.635<3» 
9-635879 
9.636226 

9.636918 
9.637265 
9.6376x1 
? ' 

S 
! 
c 
i 



9-640371 
9.640716 
9.641060 
9.641404 



». 36864c 
>. 168296 



XO.36829I 



£ f 



XO.367947 

>.i67598 



10.36759 
10^367251 

10.36690- 
10.366553 
XO.366205 
XO.365857 
10.365510 



10.365x62 
xo. 3648 1 5 
10.364468 
10.364x21 
10.363774 



10.363428 
10.363081 
JO.3627J5 
10.362399 
10.362044 



9.641747 
9.642091 
9.642434 
9.642777 
9.643120 



9.96x290 
9.961235 
9,96x179 
9.961123 
9,961067 



9.961011 
9.960055 
9.960899 
9.960841 
9.960780 
9. 960730 



Sine, 



9.643463 
9.643806 
9.644148 
9.644490 
9-64483* 



10.36x698 
10.36x353 
XO. 36 1007 
xo. 360662 
xo. 3603 18 



'0.359973 
10.359629 
xo. 350284 
X0.358940 
10.358596 



10,358253 

10.35791 

10.3575 



9-645*74 
9.6455*6 
9.645857 
9.646x99 
9.646540 



xo.3572a3 
X0.356S80 
to. 356537 
xo 356194 

*o.35585* 
X0.355510 
X0.35516S 



10.03^97 

XO 

xo< 

10. 
xo. 

10. 

xo. 
10 
xo 
xo 

10 

xo 
xo 
xo 

xo 

xo 
xo 
xo 
xo 
xo 
xo 
xo 
xc 
xc 
xc 

IC 

IC 

xc 
xc 
xc 
xc 
xc 
xc 
xc 
x< 
1< 

14 

x< 
x< 

x< 

n 
n 

X( 

x< 
x< 

x< 

r 
X0.039542 



9.64688^1 
9.647222 

9-64^03 
9-648583 




:^\^» 



\ 



10*354826 
X0.354484 
10.35414a 
10.353801 
10.353460 
10.3531x9 
X0.352778 
10,352438 
10,352097 

10.35*757 
10.35x4x7 



^-038^8 
»,038654 



Tang. 



10.038710 

'0.031765 

xo;o3882i 
10^38877 
10.03893 3 

10.038989 
10,039045 
X0.039XOX 
10.039x57 
10.039214 
10.039270 



ir^s 



degrees. 
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24 Degrees. 



96093 

1 9609 
1 9.609L.. 

3 9.620161 

4 9-610440 



c 9.610729 

6 9>6iJoit 

7 9-6i^»94 

8 9-6 11576 
9.61 1< " 



10 9*6ix24o 

11 9.612411 
11 9.6 1 2701 

9.612983 
9^613264 

77 9.6i3?45 
16 9-6i3i25 
9.614105 
9.614285 
9.614665 



5« 

2 

Jo 

41 9 
♦* 9 

« 9 



♦6 9. 
♦8 9 



Sine 



9.614944 
9.615123 
9.615502 
9.61578 1 



^61578 1 
).6i6o6o 



9.61613S 
9.616616 
9.616894 
9.61717* 
9-617450 
9.617717 
9.618004 
9-6iS28i 
9.618558 
9.618834 



3f 9.619110 

36 9.619386 

37 9.619662 
• -.619938 

J20113 

620488 

^.620763 
>. 611038 
.621313 



.95844? 
9-9^387 

9.9S53»9 
- -^ ..-:» 9 955a7» 
44 9-6215 87 9.958m 

9.958154 
9.958096 
9.958038 
9*957979 
99579*' 
9.957863 
9.957804 
9.957746 
9.957687 
9.957628 



.621861 

'612135 

.611409 

,. ,.611682 

49 9.611956 

50 9.623119 

51 9-61350* 
51 9-623777 



53 9-5H044 

54 9j'43'9 



55 9.6a459> 
S6 1 9 614863 

58 1 9.6*5406 
5919.615677 
00 9.61 79 48 



9.960730 

9.960618 
9.960561 

9960505 



9.960448 
9.960392 
9.960335 
19.960179 
9.960111 

9 960165 
9.960109 
9.960051 

9-95999< 
9^59938 

9.959881 
9.95981^5 
9.959768 
9.9597 I I 
9-959653 



9.959596 
9.959539 
9-^5948* 
9-9594*5 
9959367 



9.959310 
9959*53 
9.959«95 
9.959138 
9.959080 



9-9590*3 
9.95806c 
9.958908 
9.958850 
9.95879a 



9-958734 
9.958677 
9.9^619 
9.958561 
9-958503 



9*957570 
9*9575" 
9-95745* 
9*957393 
9.957335 
9.957*76 
Sine. 



Taof. 



Q.648583 

9.6489*3 
9649163 
9.649601 
9.649941 



9.65Q181 
9.650619 
9.650959 
9.651197 
9.651636 



9.651974 
9.651311 
9.651650 
9.651988 
9*6533*6 



9.653663 
9.654000 

9-654337 
9.654674 
9.6 55011 

9.655248 
9-655684 
9.656020 
9.656356 
9.656691 



9.657018 
9-657364 
9-657699 
9-658034 

9.658309 



9.658704 
9.659039 

9.659303 
9.659778 
9.66004a 

9.660376 
9.660710 
9.661043 
9.661377 
9.661710 



9.661041 
9.661376 
9.661709 
9.663041 
9*663374 



9.663707 
9.664039 
9.664371 
9.664703 
9.6 65035 

9.665366 



9.665697 
J9.666019 
9.666360 
9.66669 1 



9.667011 
9.667351 
9.667681 
9.668013 
9.668143 
9.6686 71 



[o. 349719 
1.0.349380 
10.340041 
10.348703 
10.348364 

10.348016 
10.347688 

'o. 347350 
10.347011 

0*346674 



io.35i4t7 
[0.351077 
0.350737 
[o. 3 50398 
ro.3 50058 



0.346337 
0.346000 
0.345661 
0.345316 
0.344989 



c. 344651 
0.344316 
0.343980 

0.343644 
0.343308 



0.342971 
0.342636 
0.342301 
.341966 
0.341631 



0.341296 
0.340061 
0.340627 
0.340191 
0- 339958 



0.3396*4 

0.339*90 

.338957 

.338613 

[o. 3 38190 



0.337957 
0.3376*3 
0.337191 
0.336958 

0.336615 



0.336*93 
0.335961 
0.335619 
0.335197 
0.334965 



0.334634 
0.334301 
0.333071 
0,333640 
0.333309 



0.331070 

[o. 331648 

0.331318 
0.33IQ87 
0.331657 
0.3313*7 



Tang. 



Secant. 



0.039834 
0.039891 
[O.039948 
10.040005 
[0.040061 

[0.040118 
to.040175 
te.o^oiii 
10.040189 
[0.04 0346 
[0. 040404 
[0.040461 
[O.040518 
10.040575 
f 0.04063 3 



0.039170 
0.039316 
0.039381 
0.039439 
0.039495 

0039551 
0.039608 
0.039665 
0.039711 
0.039778 



[O.040690 
to.040747 
[O.C40805 
10.040861 
[0.040919 

10.040977 
10.041035 
[0.041091 
[O.041150 
10.041108 
[0.041165 
to.041313 
10.941381 
10.041439 
0.041497 



0.041555 
0941613 
0.041671 
0.041719 
0.Q41787 



[0.041846 
1 0.04 1904 
[0.041961 
10.041011 
[0.0 41079 
10.041137 
to.041196 
[0.041154 
0.041313 
ro.04 1371 

ro.041420 
[0.041489 
ro.041548 
[0.041607 
[0.041665 
10.041714 



0,390687 
0.390403 
0.300110 
0.389836 
0.389553 



0.380271 
0.388988 
0.388706 
0.398414 
0.38 8141 

0.387860 

0.387579 
0.387298 
387017 
0.386736 

0.386455 
0.386175 
0.385895 
0.385615 
385335 



lO. 385056 
o 384777 

0.384498 

0.384119 

0.383940 



0.383661 

0.383384 

0.383106 
0.382818 
o- 381550 



[o. 381173 
0.381996 
0.38I7I9 
0.381441 
0.381106 



0.3808(0 
0.38061A 
0.380338 
0.380061 

0.3797&7 



0379511 
0.379137 

0.378961 
0.378687 

0.378413 



0.378139 
0.377805 
0.377591 
0.377318 

0.377044 



10.376771 
0.376498 

ro.376126 

0.375953 

[0.37568 1 

10.375409 

0.375137 
0.374865 

^0.374594 

0.3743*3 
0.374051 

Secant. 



65 Degrees 



7 
8 

J 
10 
It 
II 
«3 
14 

;i 

17 
18 

11 
20 
21 
21 

*3 

\i 

:i 

30 

3* 
33 
34 

M 
li 

3? 
40 
41 
4* 
43 
44 

4? 
46 

48 
♦9 
50 
51 
S* 
53 
if 

M 



25 Degrees. 



[0.329680 
0.319351 
10.321)023 
[0.32^694 
10.318365 



10.328037 
10.317709 
10. 317381 
[0.327053 
ro.3ifr7i5 



10.316398 

[O.316071 
to. 315743 
[ 0.325416 
10.315089 



ro. 314763 
10,314436 
0.314110 
[o. 313783 

03*3457 



[0.313131 
to. 311806 
10.311480 

0.312154 

0.311819 



.3313*7 

1.330668 

•330339 
•330009 



0.311504 
0.311179 
04310854 

to. 310519 
10.310105 



1O.3I98V0 

10.519556 

[o. 3 10132 
[o. 3 18908 
[0^318584 



la 318160 
10.317937 
to.317613 
[o. 317190 
io.ji6^967 



10.316644 
10.316311 
0.315090 
to. 3 15676 
^0.315354 



fo. 3^503* 
to. 3 147 10 
10.314388 
10.314066 
to-3'3745 
10.313413 
0.313101 
to.311781 
0.311460 
10,311130 
10.311818 



Tang. 
64 Degrees, 



Secant. 



10.041714 
10.041783 
10.041841 
10.C42901 
10.041960 



10.043019 
10.043078 
10.043138 
10043197 
10.043156 

10.043316 
10.043375 
10.043434 
10.043494 
10.OA3553 



10.043613 
10.043673 
10.043731 
10.043791 
10.0438 3I 



10.043911 
10.043971 
10.044031 
10.04^1 
10.044151 
10.044111 
10.044171 
»o*04433i 
10.044391 
10.044451 



io.<^5ii 
10.044571 
10.044631 
10.044693 
10.04475^ 

10.044814 
10.044874 
10.044935 
to 044995 
10.045056 



10.045 1 17 
10.045177 
10.045138 
10.045199 
10.045359 



10.045411 
10.045481 
«>.o45543 
10.045604 
10.045665 



10.045716 
¥€.045787 
10.045^48 
10.045910 
10.045971 



10.C46032 
10.C46094 
10.046155 
T0.046217 
10.046278 
10.046340 



'0.37405* 
10.373781 
10.373510 
10.373240 
10.372970 



10.372700 
10.371430 
10.372160 
10.371891 
10.371621 



«o. 371 353 
10.371084 
10.370815 
10,370547 
10.370279 



to.370011 
10.369743 
10.369476 
10.369109 
10.36894* 



10.368674 
10.368407 
to.368r4i 
10.36787A 
10.367608 



10.36734* 
ib.367077 
10.36681^1 
10.366546 
10.366181 



10 366016 
10.365751 
10.365486 
10.365121 
10.364958 

10.364694 
10.364430 
10.364166 
10.363903 
10.363640 



'0.363377 
10.363144 

10.361812 
10^361589 
10.361317 



10.361065 
10.361803 
10.361541 
10.361180 
10.361019 



10.360758 
10.360497 
10 360236 
10,359976 
10-35971 6 

'0.359455 
io.359»90 
10.358036 
10.358676 
IC.358417 
10.358158 
Secant. 



60* 

Ji 
P 
II 

53 

5* 
5J[ 

50 

4^ 

1? 
45 
44 
43 
4* 
4£ 
40 

IS 

35 

34 
33 
3* 
li 
30 

w 

i6 

^5 
»4 
*3 
21 

21 



«5 
14 
»S 
J* 
II 



^PP"^ 
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A Table of Artificial Sims^ Tangents and decants. 



26 Degrees. 



3 

7 
8 



9 

9.6439^6 
9.645193 
914545° 



Sine. 



9.641841 
9.642101 
9.642360 
9.642618 
9.64Z876 

9'f43^- 
9-^3393 
9.643650 
9.643908 
9^644165 



JO44680 



9.645706 
9.6459.')» 
9.646218 
9.646473 
9-^6719 



9.64825S 
9.64851a 
9.648766 
9.6490x0 
9649274 



9.649527 
9.649781 
9.650034 
9.650287 
9-^50939 



9.65079a 
9.651044 
9.651297 
9.651C49 
9.6518CO 






9.646984 
9.647239 
9»f47494 
^ 9«^7749 
24 9.^1004 

a 

3« 
3» 
3» 
3S 

34 

M 

Xt 

3? 
40 
4/ 

4»4 
41 

4n 

4f 

A% 

12 
50 
5» 
5» 

53 
14 

IS 



9.65205a 
9.652303 

9.652806 
9,653057 



9-953^^ 
9-953S9' 
9-95353 
9-95347. 
9-9514 ' 
9-9533S 

9-953*9' 
9.95322: 
99531^ 
9-95f^ 



9-95304 
9.95298* 
9.9529J 
9 95»''^5 
9-»5»79 



9-95»73 
9.95166: 
9.9526a 
9-95*54- 
9-^5*4^ 



9.95241, 

9.95*35' 
9-95**9- 
9.95**3^ 
9^95216) 



9-95* 'O^ 
9-95*04; 
9.95198* 



9.95179^ 
9.95172: 
9.95166; 
9.95160; 
995'5y 



9-J53307 

9.653808 
9,654059 
9.654309 



9.654&>8 

9-f 5^5057 
9.655307 

9^^5555^ 



9^x805 
9.656054 
9.656302 

9-M?5^ 
9.656799 
9.657047 



9.95i47< 
9.95 141J 

9-95 '34< 
9.95izS( 

9'95"5t 
9.95IQ9( 
9.95103J 
9.95096J 
9-95090^ 



9.950843 

9-950775 
9.950714 
9.9506CC 
9-95058^ 



9,950523 
9.95045S 
9-950394 
9-95033f 
9.95026£ 



9.950202 
9.950138 
9.950074 
9,95000c 

9-949945 
9949W 



10.311818 
10.311498 
10.311177 

; 10.310857 
10.310537 

'10.310217 
'10.309897 

»o-3»9577 
10. 309258 
10.3084 



*2i» 



10.3086x9 
10*308300 
20.307981 
10.307661 
10 .307343 



10.307025 
10.306707 
10.306388 
10.306070 

WJO5752 



10.305434 
10.305117 
10.304709 
10.304482 
10.30 4164 

10.30^847 
10.303530 
10.303213 
10,302857 
10.302^0 



10.302264 

w. 301047 
IJ0.3P163I 
10.301315, 
10.300999 



ID. 300684 

10. 300368 

10.300053 

IP.-299737 
10.299422 



1.0.&90X07 
ip.298792 
ip.298477 
io«29Si63 
10.297848 
10.297534 
IP.297219 
10.296905 
10.296591 
10.296277 



10.295064 
10.295650 

>o*95337 
10.295023 
10.294710 
10.294307 
to.294084 
10.293772 
'0.193459 
ip.293146 
10.292834 

Ting. 



Secant. 



10.046340 
10.9464 10 
10.046463 
10.046515 
10. 046587 
10.046648 
10.046710 
10.046771 
10.046534 
10.046896 



10.358158 
10.35785^9 
10.3576AO 
10.357381 
'o-357'*3 



10.046^58 
10.047010 
10.047082 
I0.c47i4( 

10.047107 



10.047169 

l«-^73JX 
I0.04739A 
10.047456 
10.047519 



10.047581 
10.04764^ 
to.047706 
10.047769 
10.047831 



10.047T94 
10.047957 
to.048010 
10.048083 
10.048146 



to.04)?ao9 

lo.048a72 

10.04833? 

10,04^3$: 

10.048461 



10.356865 
10.356607 
10.356350 
10.356092 
10^355835 



»«-355577 
10.355320 
10.355063 
10.354807 
'P-35455^ 



10.354294 
10.354018 
10.353781 
10.353526 
10.353271 



10.353016 
to.35a76o 
10.352505 
10.351251 
10.351996 



10.048514 
10.048588 
10 048051 
10.04871A 
10.04 8778 
10.048S4J 
10.048904 
10.048968 
10.049031 
10.049095 



1 0.049 159 
1 0.049222 
10.049286 
10.049350 
10.049414. 



X0.049478 
10.049542 
10,049606 
10.049670 
10.049734 

10.04979R 
10.049862 
10.049926 
IA.049990 
10.050055 
ift.05iii9 



10.351742 
10.351489 

io-35i»y 
10.3509S0 
10.350726 

»o-350473 
10.350x19 
10.349966 

«o-3497i3 
10.349460 



10.340209 

to.34|95« 
10.348703 
10.348451 
lo.3482»o 



10.347048 
10.347696 

»o-347445 
I6.347194 

10.346943 



10.346692 
10.346442 
10.346192 
10.345941 
10.345691 



»o 34544* 
10.345192 

10.34444* 
10.344693 
10.344444 

"•344195 
10.343040 
10.3436$'* 
«o-3^3449 
10.343201 
10.342953 

Secant. 



IJ -De^rtes^ _ 



63 Degrees. 



7 
8 

10 
II 
12 
»3 
if 

M 

16 

\l 

H 

20 

ai 

22 

*3 

*4 

\i 

a? 
28 

^ 

JO 
Ji 
3* 
%l 

34 

\l 

1? 
3S 

40 
4* 
4* 
43 
44 

M 

:i 

4? 

50 

5» 

5* 
53 

'^ 
I? 



Sine. 



9-$5704^ 
9.657195 
9-$5754* 
9 657790 
9^58037 

9.658284 
9.658531 
9.658778 
9.659024 
9^655^71 



9-6595»7 
9-S55»7«3 
9.660009 
9.660255 
9.660500 



9.660746 
9.660991 
9.66(216 
9.661481 
9.661726 



.Tang. 



9-949!** 
9.949816 

9.949m 
9.949688 
9^9623 

9-94955^ 
9.949454 
9.949429 
9.949364 
9^41/300 

9949*3ir 
9.949170 
9.949105 
9.94C040 
9.948975- 



9.707166 

9.707479 
9.707790 
9.708102 
9.708414 

9.709037 

9.709^^00 

9709971 



9.661970 
9.66atTl 
966245^ 
9.662701 
9.661946 



9.663190 
9.663433 
9.669677 
9. ) 

9. J 

9. \ 

9. r 

9.< \ 

9.1 I 

9.1 ) 

9 666341 
9:666583 



9.666825 
9.667065 
9.66730c 
9.6675^6 

9.668026 
9.668266 
9.669506 
9.668746 
9.669996 



1.948010 
1.H8845 
►.948780 
9.948715 
4948649 



584 

-.,J5»P 
9.9484« 
9.948389 
9^48323 
9.948257 
9.9.^191 
9.94811^ 
9.94806a 

9-947995 



9.71028a 
9.710593 
9.71090^ 
9.711215 
9^7it5y 
9.711836 
9.712146 
9.712456 
9.712766 
9.7^307^ 



9.7133W 
9.713699 
9,714004 
9.71431^^ 
9.714^2^ 



10.292934 

10.292522 
10.291210 
10.291808 
10.29 1586 

lb.29T27.f 

10.190963 
10,29065! 
10.290340 
10.190017 
io.a9^7il 
10.59^407 
10.^99006 
io.299;95 
ro. 2884/5 



lOk«98r64 
10.287854 
10.287544 
io.a87a34 
10.286924 



Secant. 



I0.O50119 td.j4i953 



10.05018J 

ic.05ctfi 
lo.osdjii 



lO.Oj^T 
10.050504 
10.0505)1 
10.650635 
1 6.050700 

10.050765 
10.050830 
10.050805 
10.050900 

10. 05 tot; 



10.341 7o< 

\6 J421IO 

lro^ij63 



9-947JJ. 
9.947«63 

9-P47797 
9.947^ 
9947^ 



9*669225 
9.6'69464 
9.669703 
9.669942 
9.670181 



9.670J19 
9.^0659 
9.670996 
9.671134 
9.671372 
9.671609 



9.947:^99 

9-947533 
9.947467 

9.947401 

?:?473g5 

9957*69 
9.96720J 
9.^67136 
9.967070 
9 967C04 



9.946037 
9.946971 
9.946804 
9.94fn* 
9.946671 



9.94660^ 
9.946538' 
9.946471 
9.946404 
9-946337 



9.946270 
9,946203 
9.946136 
9.946069 
9.946002 
9-945935 
Sine 



9-714933 
9.715*4* 
9.7 W5» 
9.715% 
>7i6it»9 



9.7164^7 
9.716785 
9.717093 
91717401 
9«7Wo9 



9»7'*'0 17 

9.71*3*5 
5*718633 
9171894^ 
91719249 



9-7»9555 
9*719802 
9.7^0160 
■9J7*t>476 
9*720 783 
'9*711099 
9^711396 
9*721^ 
j;».722po9 
P>7»*3>5 



10.296614 

10.296304 

toii«^5 
io» 29537 6 
104295067 
10,284758 
10.184449 
to 194140 
10.283831 
10.1^52^ 

10.283215 

10*282907 
ib.a9a59^ 
tt>. 292291 



0.291983 
^.211675 



to 

10 .^ 

10.291367 

io.a9io6D 

10^2007 ci 



lo.03ro9o 
10.05T155 
^6.051126 
10.051^85 
10.051350 



16.0^1416 
14.051481 
I^.05rc46 
io.05ioti 
t*.05i67> 



10.05174 

id.05180 

10.05187^ 

10.0511 

14.0 



J.34X7i« 
ko.3^69 
ko. 34 1 111 

J<»l4«*?75i^ 
10.740^19 151 

W.340117 ^ 

^^vm^ ** 

I 

41 

4f 



»«-J3W 

1^.339154 

le.jMoof 
w.33j;«4 
i6.jj!;r9 
io.nb74 



io.|355«3 



i^j 7226*21 
j).72a9a7 
^.723232 

,9' 7*353* 
9*7*3*44 



9. 724*49 
.9.7*4454 
>7*4759 
J^ 725065 

9^7*5369 
^7*5674 



Ibi9b445 
1^280138 
ib.iy99:3i 
io.i79524 
Ib.i792i7 



I0;a7 
10.27 - 
10,27929 

lO>.27790i 
10.277695 



10.277370 
.iaa7707i 
iOba76769 
[10^276462 



10,275851 
10.27554^ 
10.275140 
Vo.2^4935 
1^0.174630 
fo. 274316 
Tang. 



6^ p^rM' 
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28 Degrtei. 



9 
9 

± t 
9' 
9 
9 
9 
9' 



Sine. 

1 1 971609 

671084 

•67*3*1 

•JW95 

573505 
' ^3741 

•$73977 
.674ai- 



9-^7^ 
•J 967461 
H 9:674ftJ 



746S4 



ti9 



16 9- 
£9 9< 



9.675155 



).6756a 



1.67 j«i 



^59 



>94 



20 ^^m% 
ti 9.67656a 
11 9.676796 
13 9,677030 
24 9.677^64 




9.ff 144: 

1 44 9,6 81905 

45 9-68ai35 

46 9-682365 

47 9*682595 

48 9.682825 

49 9. 68^55 

50 9.6832S4 

51 9683514 

52 9-^83743 
•53 9-683972 

jS4 9-^g4*o» 

^S 9«684430 

56 9.684658 

57 9-684887 

58 9.6851 15 

59 9.685343 

60 9.685571 



9^945J3S; 

9-945;w 
9.945S00 

9-94^'733 
9.945666 



9-945598 

9-9455} 

9.9454P 

9-94539', 

9-9453»8 



9.945*^1 
f 945'93 
1-945 >» 
9-9*505' 
9-9449PQ 



9.944M2 

9<944^54 
9-944786 

9-94471? 
9^j4j6£ 



9.94458^ 
9.94454 
9944440 
9*944377 
9^9443 09 



9-944*41 
9.94417* 
9«944I04 
9.94403^ 
9*9439P7 



9»943;9« 
9.943«10 
9r94376i 
9«943^» 
9^943^ «4^ 



9.943555 
9.943486 

i-94Ui7 
9.943348 
»• 943*79 
9-943>io 

9-943HI 
9.943072 
9-943003 
9.94^9 ?j 



9-94*^^ 
9-94*795 
9-94*7*? 
9.942656 

9-94»5g7 



9.94*5'7 
9.942448 
9,942378 
9.942308 
2:^*3? 
9.94»i69 
9.042099 
9.942029 

9-941959 

9.941889 

9^4i8jj 

Sine. 



TVng. 



9l7*^4 

9-7*5979 
9.726x84 
9.726 cSi 
9.726892 



9.727197 

9.727C01 
9.717805 
9.718109 
97^84 12 



f«.r74326 
♦ 10.274^21 
f 10.273716 

10.273412 
' 10.273107 

10.271803 
10.272499 
10.271195 
10.27x891 
10.271 



9.728716 
9.719020 

9.7*93*3 
9.719616 
^.7299 29 



9.7302^2 

9-730535 
9.730838 

9-73 "4« 
9*73.1444 



$•711746 
9'73*048 

9.7J*35« 
9.73*053 
9-73*9 55 



9-7J3W 
9-73355« 
9-713»6o 
9.734»62 
9-7 34463 



9.7H76-4 
9.735.066 
9735367 
9.735668 
5^735968 
9.736269 
9-735570 
:9-/3W70 
9.737171 
9'7 3747i 



9-737771 
9.738071 

9-738371 
9.738671 

9-738971 



9.739*71 
9.739C70 
9.739870 
9.7401611 
9-740468 



9.740767 
9.741066 
9.741365 
9.741664 
9.741962 



9.74*261 

9.74aj559 
9.74*858 
9.743156 
P-743454 
9-74375* 



10.271184 
10.270080 
io.27«677 
10.270374 
10.270070 



10.269767 
10.269465 

t0.t6Ql62 

10.^68850 
10.268556 
io.»68254 
io.t67052 
to.t67649 
10.267347 
10.8^67045 
io.a66743 
10.A66442 
io.«66i4o 
io.a65&^ 
io.^55y 

10^236 
10064914 
10^64633 
10064332 
it).26403i 



10.263731 
10.263430 
10.263129 
10.262829 
10,262529 



10.262229 
10.261028 
io.a6i629 
10.261329 
10.261029 



10.260729 
10.260430 
io.a6o]3o 
10.259831 
10.2S9532 



10.250233 

893 

10.258336 



10.251 
10. 



a5«934 

258835 

.258336 

10.25S038 



JO *57739 
10.257441 
10.257141 
JO.256844 
10.256546 
10.256248 
Tang, 



Secant. 

10.054065 
XO.054131 
10.054109 
10.054^67 
10.054334 



10.054401 
10.054469 
10.054C36 
10,054604 
10.054671 



10.054739 
10.054807 
10.054874 
20.054942 
10.055010 



10.055078 
S0.055146 
10.055214 
10.055282 
10. 0^5^50 



10.055418 
10.055486 
10.055C54 
10.055621 
10.055691 



10.055759 
io.o558»7 
10.055806 
10.055964 
to.056033 



10.056101 
104156170 
10.056259 
10.056307 
10.056376 
104)56445 
10.056514 
10.056583 
10.05665a 
10.056721 



10.056790 
10.056850 
10.056928 
10.056995 
10.0^7066 



10 057136 
10.057205 
10.057274 
10.057344 
10.057413 



10.057483 

10.057C52 
10.057622 
10.057692 
10.057761 



10.057831 
10.057901 
10.057971 
10.052041 
10.058111 
10.058181 



IQ. 32839 1 
10.328151 
10.317916 
10.32767^ 
10.327442 



IO.327IOC 
10.326968 
10.326732 
10.326495 
10.326259 



10.316023 
10.315787 
10.31555, 
10. 3a 5 3 16 
10.325081 



10.314845 
10.324610 
10.324376 

10.3^141 
10.323906 



10.323672 
10.323438 
10.32^204 
10.322970 
10.322736 



10.322502 
10.322260 
tO.312036 
10.321803 
10. 321570 



'^•3»»337 
10.321104 

10.52087a 
10.320640 
10.320408 

10.320176 

10-319944 
10.319712 
10.319481 
10.319250 



10.319018 
10. 3 18787 
10.318557 
10.318326 
'0 3»8995 



10.317965 
10.317635 
10.317405 
10.313175 
10.' 



10.316716 
10.316486 
10.316257 
10.316028 
10.315799 
10.315570 

i<».3i534» 
10.315113 
10.314885 
10.314657 
10.314429 
Secant. 



61 Degrees. 



29 Degjees. 








ar.g. 


10.25614s 
10.1J5950 
10.25565a 

io-*553S5 
10.155057 
10. 154700 
10.154461 
10.254165 
fo.15386^ 
10.253571 


Sjecant. 






«75» 

HO50 

H348 
WO45 
H943 


io-058iS2 
10.058251 
10,058311 
fc.058391 
10.058^61 


10. 3 1441 V 

10.3x4201 

10.313973 
10.313746 
10.313518 
10.313191 

xc.313604 

10.5,2837 

10.3x2610 

10.311384 
10.3x2157 

10.311931 
10.311705 
10.311479 
10.3,1253 


60 

11 


15240 
f5538 
f5835 
P13* 

^6^29 


10.058531 
10.05S602 
10 058672 
10.058742 
10.0588x3 


55 

54 
53 
5* 
51 


^67*6 

^7013 

J79I1 


10.253274 
10.251977 
10.251681 

10.25*384 
10.251087 


10.058883 
10.058954 
xo,059oi4 
10.059095 
10.059166 


50 


^8*09 

1^801 
J9097 
t9393 


io.a5i79i 
10.251495 
10.251199 
10.250903 
10.250607 
10.250311 
10.250015 
10249719 
10.249414 
10.249128 


10.059237 
10.059307 
10.059378 
10.059449 
xo.059520 


xo. 3 11028 
xo. 3 10802 
10.310577 
10.3x0352 
10.310117 

10.309902 
10.309677 
10.309452 
10.309228 
10.309004 


45 
44 
43 
4* 
41 


K>689 

19985 
^0281 
?0576 
'087* 


ro.059591 
10.059662 
10.059733 
10.059804 
10.059875 


40 

1? 


;ii67 
11462 

;i757 
[2052 

;*3-f7 


10.248833 
10.248538 
10.248243 

10,247948 
10.247653 


10.059946 
10.060018 
10.060089 
10.060160 
10.060132 


10.308779 
10.308555 
10.308331 
10.308108 
10.307884 


35 
34 
33 
3* 

31 


[2642 

;*937 
3*3' 
35*6 
'3820 


10.247358 
10.247063 
10.246769 
10.246474 
10.246180 


10.060303 
10.060375 
10.060446 
10.060518 
iao6o589 


10.307661 
10.307348 
10.307215 
10.306991 
xo. 306769 


30 


4115 
4409 
4703 
14997 
;5*9i 


io.a45885 

10.44559I 
io.a45297 
X0.245003 
10.244709 


10.000661 
10.060733 
10.060805 
10.060877 
10.060948 


10.306547 

10.306324 
10.306102 
10.305880 
xo. 3056 58 


*5 
*4 
*3 
22 
21 


16172 
6465 
16759 


10.244415 
10.144122 
10.243828 

io.*43!35 
10.143241 

10 242948 
10.242655 
10.242362 
10.242069 
10.141776 
10.241483 
10.241190 
10.240896 
10.240605 
10.2403x3 


10.061020 
10.061092 
10.061164 
10.061236 
10.061309 


10-305436 

X0.305214 

10.304993 
10.304771 
10.304550 


20 

W 


7052 

7931 
18224 


10.061381 
10.061453 
10.06152c 
10.061598 
10.061670 


10.304320 
10.304108 
10.303887 
XO. 303666 
10.303446 

xo. 303215 
10.303005 
10.301785 
10.302565 

10.302345 


»5 
14 

n 
12 

11 


5910* 


10.061742 
10.061815 
10.06x887 
10.061960 
10.061033 

xo.c6aiof 
10.062178 
10.062251 
10.06232A 
10.061396 
10.062469 


10 

1 

I 


f9979 

>0272 

Si 148 
5x439 


10.240021 
10.239728 
10.239436 

io.*39i44 
10.238852 
10.238561 

Teng. 


10.302x26 
x 0.301906 
10.301687 
10.30x468 
10.301249 
10.301030 








Socant. 


M 



60 Degrees, 



Digitized by 



Google 



66 



A ^able of Artificial Sines^ Tangents and Secants. 



30 Degrees. 



Sine, 



\ 

_9 
10 
II 
12 
>3 
M 

U 

\l 

>9 

;20 
21 

f 22 



9.698970 
9.699189 
9.6j;9407 
9.699626 
9^99844 

9.700062 
9.700280 
9.700498 
9.700716 
9-7009 33 

9.701 IQl 
9.701368 

9-701585 
9.7018C2 
9.702019 



Tiog. 



9«93753£ 
9937458 
9-937385 
9.937312 

9-937^3^ 
9-937165 
9.937092 
9.937019 
9.936946 
9. 936872 

9.936799 
9.936725 
9.9366^2 
9.936578 
9.936505 



9.761439 
9.761731 
9.762223 
9.762314 
9.7626 



9.702236 
9-7C24J2 
9.702669 
9.702885 

9.703 lOI 



9.703317 

9-703533 
9.703749 
9.703964 
9.704179 



9.76*89 
9.76318! 

9-763479 
9.763770 
9.764061 



10.238561 
10.238269 

10.237977 

10.237686 

10.23739s 



Sec tot. 

10.062469 
10.062543 
10.062615 
10.062688 
10.062761 



9.936431 

9936357 
9,936284 
9.936210 
9-936136 



*7 
28 

!5 
30 

3« 

3» 
33 
34 

M 

15 
40 
41 
4* 
43 
44 



'4> 

46 

1*47 
48 

49 
50 
5' 
5» 
53 
if 

1^ 

5^ 
(8 



9 704395 
9.704610 
9.704815 
9-705040 
9.705254 



9.764152 
9.764643 

9.764933 
9.765224 

9-7655'4 



9-765805 
9.766005 
9.766585 
9.766675 
9-766965 



10.237103 
10.236812 
10.236521 
10.236230 
10.23-939 
10.235648 

10.2353*17 
10.235067 
10.234776 
10 234486 



9.936062 
9.93 S988 

9-9359«4 
9.935840 
9-93S7 66 
9-935692 
9.935618 
993**^43 
9-935469 
9-93^3 95 



9.767255 

9767545 
9.767834 
9.768124 
9.768413 



9.768703 
9.768992 
9.7692 
9.769 <;70 
9.769860 



10.234195 

10.233905 
10 2336x5 
10.233325 
10.233035 



10.062831 

XC.06290I 

10.062981 

10.063054 

10.063128 



10.301030 
10.3008x1 
xo. 300593 

10.30037^ 

10.300156 

10.299938 
10.299720 
1 10.299502 
10.299284 
10.299067 



10.063201 
xo.p6327< 
10.06334S 
10.063422 
10.063495 



10.23*745 
10.232455 
10.232166 
10.231876 
10.231586 



9-705469 
9-705683 
9.705897 
9.706111 
9.706 326 

9^589 

9.706753 
9.706967 
9.707180 
9^07393 

9.707606 

9 7' 7819 

9.708032 

9.7C.8245 

9.70HS7 

9 708670 

9.708882 

9.709094 

9 709306 

9.70QS18 

9.709730 

0.' 09941 

0.710153 

9.7io3'.>4 

9-710575, 

9.710786 

0.710997 

9.7x12 8 

97'I4'9 
50 .9.7x1^29 

9-7"839 



9.935320 
9.935246 
9.935171 
9.935097 
9-9350*^ 



9-934948 

9.934873 
9.934798 
9.934723 
9.934649 



J^ 



9-934574 
9-9344 V9 
9.534424 
9,9 T4 349 

9-S34V4 



9.770148 

9.77043- 
9.770726 
9.771015 
9.771303 



9,771880 
9.772168 
9 77H57 
9- 77*745 



9.773033 

9-7733»' 
9.773608 
9.773896 
9^774184 



10.231297 
XO.231008 
10.230719 
10.230429 
10.230140 



xo. 063 569 
X0.063641 
10.063716 
XO.063790 
XO.C63864 



10.298849 
xc. 298634 
X0.2984I 
X0.29810 
10.29798 



10*229851 
10.229563 
10.220274 
10 228985 
10.228697 



9-934199 
9.934121 
9.934C48 

9-933973 
9JS3898 

9.033812 
9.033747 
9.933671 
9-^33596 
i:933,5ao 

99334^4 
9.933369 

9-933*93 
9.933217 
9.93341 
?i933^ 
Sine. 



9-774471 
9-774759 
9.775046 
9-77>333 
9^75/ai 
9 775908 
9 776194 
9.776482 
9.776768 
9 77705 < 
9-777342 
9.777618 

r.7779«5 
9.778201 
9778487 
9-778774 



10.228408 
10.228120 
10.227831 

X0.227543 
10.227255 

10.226967 
XO 226679 
10.226392 

10.226 1 CA 
10.22:816 



10.063938 
10.064012 
XO.064086 
10.064160 
10.064234 

10.064308 
10.064382 
10.064457 
10.064531 
10.06 4605 

10.064680 
10.064754 
10.064828 
XO.0649O3 
XO.064978 

10.0650(2 
10.065127 
10.065202 
10.065276 
10.065351 



10.297764 
XO.297548 
10.297331 

io.»97ti5 
10.29 6899 

10.296683 
10.296467 
10.296251 
xo. 29603 6 
10.295820 



10.225529 
10.225241 
10.224QC4 
10.224667 
10.2243*7 y 
10.124092 
10 22380^ 
TO.223518 
10.223231 

10.12294< 

10.222658 
10.222372 
10.222085 
xo. 22 1 7 99 
10 221512 
10.221226 
Tang. 



10.065426 
10.065501 
10.065576 
10.065651 
10.065726 



10.295605 
10.295390 
XO.295175 
XO.294960 
X0.2H746 
10.294531 
10.2943x7 
10.294x02 
X0.293888 
10.293674 



60 

IS 

S 

55 
54 
53 
5* 
SI 
50 

48 
46 

1441 
43 
4* 

il 

40 

II 

35 

34 
33 
3a 
3i 

30 
29 
28 



Sine 



10.065801 
fo.065877 

1 0.06 r9 52 
IC.C66027 
IO.oC6lC2 

10 C66178 
io.c662>3 
10.0^6329 
10.066404 
XO.066480 

10.066^55 
10.06663 1 
X 0.066707 
10.066783 
10.066858 
10.(66034 



10.293461 
10.293247 
10.293033 
10.292820 
to. 29 2 607 
10. 294393 
10.292181 
10.291968 
X0.29I755 
10.291543 



10.291330 
10.291x18 
10.290906 
xo. 2906(^4 
10 2()048a 



10.290270 
io.20coc8 
10.289847 
10.289636 
xo.28Q42q 



10.289214 
io.28roo3 
10 288792 
10.288581 

10.28<^37I 

10.288/61 



Scranr. 



o 
1 

s 

% 
J 

I 

5 

_? 
10 
II 
12 
«3 
14 

11 

18 

13 

20 

21 

22 
»3 

H 

li 

II 

!9 
30 
31 
3» 
33 
Jl 

II 

38 

1? 
40 
41 
4* 
43 
44 

46 
47 
48 
*.? 
50 
5' 
5* 
53 
54 



9.71x839 
9.7x2049 
9.712260 
9.7. 2469 
9.712679 



9.711884 

9.7x309! 

9.713308 

9-713517 

9.713726 



31 Degrees. 



9.933066 
9.932990 
9.9329XJ 
9.932818 
9:93176* 



9-713935 
9.7x4144 

9-71435* 
9.7x4561 

9-714769 



9.714978 
9.7x5186 

9-715394 
9.715601 

9-715809 



Ttnc, 

9-778774 
9.779060 
9.779346 
9.779631 
9-7 79918 
9.780203 
0.7804^9 
9.780775 
9.78x060 
9.781346 



9.932685 
9.932609 
9.93*533 
9-93M57 

9-93*380 

9-93*30419-781631 
9.932218 9,78 r9i6 
9.93215I; 9.7822OX 
9.952075 9.782486 
9-931998 9-782771 



10.22x226 
10.220940 
10.2206C4 

10,2 20368 
10.220082 



9.716017 
9.716224 
9.716432 
9.7X6639 
9.716846 



9-717053 
9.717*59 
9.717466 
9.717672 
9.717879 
9.718085 
9.718291 
9.718497 
9.718703 
9.718909 



9.931021,9.783056 
9.931845 I 9.783341 
9.931768: 9.783626 
9.931691 I 9.783910 
9-931614! 9-784195 



10.219797 
10.219511 
10.2X0225 
10 2X8940 
XO.218054 

XO.218369 
10.2X8084 
10.2X7799 
10.2X7514 
10.21 7229 

10.216944 

xo.2x666o 
10.2x6374 
xo.2x6c90 
xo.ax 5805 



9- 
9 
9-931**9 



9931537 1 9-784479 
9.931460 9.784764 
93 '383 9-785048 
93x306 9-78533* 
9.7856x6 

9-78WO 
9.786184 
9.786468 
9.786752 
9.787036 

9-787319 

9.78760 

9,78788( 

9.788x70 

9-788453 



9.931152 
9.93107? 
9.930998 
9.930920 
9-930843 



9.719114 
9.719320 

9-7195*5 
9.719730 

9-7'9935 
9.720140 

9-7*0345 
9.720549 
9.720754 
9-7*09 58 
9.72 1162 
9.721366 
9.721570 

9.721774 
o.'?2i9 78 

9.722181 
9.7223?<r 
9.722588 

9-7**791 
9-722994 

9.725197 
9.723400 
9.723603 
9.723805 
9.724C07 
9.7242x0 



9.930766 
9.930688 
9.93061 I 
9-930533 
9-930456 



X0.215521 
xp.215236 
XO.2149C2 
10.214668 
10.2x4384 




10.0669^ 
10.067010 
xo.0670%6 

xo.o67>3^ \i.2:!!Z3i' 
io.oS73X5\io.i87"i 
xo.«6-739i 
xo.067^67 

io.oe7S^3 

xo.0676^ 



X 0.06 7696 

xo.o^777» 

10.067 Sif9 

xo.o679*5 
IO.O6SO02 



I0.2^m3 

— ^^^ iii?w U 

io.deSx55 /o.,j^, 2 
10.068X 32 1 ictlSJ /.7i 

io,o6S3<^fiai?r|;/gl 



10.214x00 
X0.213816 
10.2x3532 
10,2x3248 
10.212964 



9,930378 
9.930300 
9.930223 
9.930145 
9-930067 



9.919989 
9.929911 
9.929833 
9.929755 
9.9296 77 

9.929599 
9.919521 

9-9*944* 
9.9293I4 
9 929286 



9.788736 
9.789019 
9.78^302 
9.789585 
9.789868 



9.-90151 

9.790433 
9.790716 
9.790909 
9.791281 



9.791563 

9.791846 
9.792128 
9.792410 
9.792692 



9.929207 
9.929129 
9.929050 
9.928972 

99*8893 
9.9288x4 
9.928736 
9.Q286s7 
9.928578 
9.9284^9 
9.928420 

Sine. 



9-79*974 
9-793*56 
9-79^^38 
9.793819 
9-794I01 

9- 79*183 
9.794664 

9-794945 
9.795227 
9-T95508 



X0.212681 
10.2x2397 
xo.ax2ix4 
XO.211830 
10.2x1547 

X0.2I1264 

io.2ioo8x 
10.210698 
X0.2I0415 
10.210132 
10.209849 
10.209566 
xo 209284 
10.209COX 
xo. 2087x9 

10 208436 
xo. 208 154 
10.207872 
10.207 5(;o 
10.207308 



10.207026 
XO.2O0744 
10.206462 
XO.206180 
10.205899 



10.0684^^ 
10.068 , 
io.o696j6 

10.06S69I 
10.06877^1 

ioo68S4> 
10.068925 
10.069002 
10.069079 
10.0691 ^; 

10.069234 

10.065467' -•»-''« 
10.069544 




10.069622 
10.069700 
10.069777 
10.06985^ 
10.069933 



10.205617 
10.20 C336 
X0.20505. 
10.20477. 
10.20449^ 



9.^ 795789 1 10.20421 , 

I Tang. 



10.07001 I 
10.07^089 
10.070167 
10.07024^ 
10.0-0323 

10.070401 
10.070470 
10.070558 
10.070636 
10.070714 
10.070793 
IO.070R71 



f lO-lJlji; 

10.28Q475UI 
io.2Soi7olnl 

io.>ioo6a «l 

io,i7^t6oV 

>«-*79*SS\iA 
10.279451 \al 
10.27924611-1 
102790411 14| 



10.278838 1 ul 
10.2786341141 
10.2784^01111 
10.278226! n 

10.278022 1 m 

10.2778191 
10.27761^1 



10.07x028 
XO.O7XI07 



XO.070950 1 10.277412 
.^ ^.^< 10.277200 
I 0.27TOO6 
10.276^5 
to.276603 
10 27^7 
10.27619^ 
lo.27?99i 



10.071185 
10.071264 
10 071343 
10 07x422 
10.071501 

10.071579 1 io.>Ty79 ': 
I Sectnt, 



I*' I 
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32 Uegreei, 



Sine 

9.724210 
9.724A12 
9.724614 
9.724816 
9^25017 
9.725219 
9.725410 
9.725621 

9-7*58*3 
9.726024 

9.72622c 
9.726426 
9.726626 
9.726827 
9.727027 
9.727228 
9.7274*8 
9727628 
9.72-828 
9.72802.7 

9.728227 
9.728427 
9.728626 
9.7x88x5 
9.7290x4 
9 719*^3 
9.729422 
9.729621 
9.729820 
9.730018 

9.730216 
9.730415 
9.730613 
9.7308 1 1 
9-7 3 '0^9 
9.731206 
9.731404 
9.731601 
9-73»799 
9'73'9 9<> 

9-71»i93 
9.7323C0 
9.732587 
9.732784 
973*980 
9.733177 
9-733373 
9-733559 
9-7337f5 
973396' 



p. 928420 
9.9183AI 
9.928202 
9.928183' 
9.928104 



9.928025 
9.917946 
9.927867 
9.927787 
9.927704 



9.927628 
9.927549 
9.927469 
9.927390 
9^927310 

9.927231 
9.927151 
9.927071 
9.926991 
9.926911 



9.926331 

9.92075 « 
9.926671 
9.9:6591 
9-9*65" 



9.926431 
9.926351 
9.926270 
9.926x90 
^.926110 



9.926029 

9.925868 
9.925787 
9.925707 



<^.734i57 
9-7343'»1 
9.734 •»48 
9-734744 
9-734939 



9-735»34 
9.735330 

•7355*5 
9.735719 

9.73'»9M 
19.736109 



9.925626 
9 9*5545 
9 9*5465 
9.925384 

9-9*53 03 
9.925222 
9.925141 
9.925051 
9.924979 
9.9248 97 
9.924816 

9-9*4735 
9.924653 
9.924572 
9.924491 



Tang. 



9-795789 
9.796070 

9.796351 
9.796632 
9.796913 



9.797194 
9 797474 
9-797755 
9.79S036 
9-798116 



9-798596 
9.798877 
9-799157 
9*799437 
9-7997 '7 



9-799997 
9.8C0277 
9.800557 
9.800836 
9.801116 
9.^01396 
9-801675 
9.801955 
9.802234 
9.8025 1 3 

9.802792 
9.803072 
9-803351 
9 803630 
9.803908 



9.804187 
9.804466 
9.804745 
9 805023 
9.805302 



9.805C80 

9.805859 
9.806137 
9.806415 
9.806693 



9.80697 X 
9 807249 
9.8o7e27 
9 807805 
9.808083 



9.924409 
9 9*43*8 
9.924246 
9.024164 
9-9*4083 



9.92401 1 
9.923019 

9-9*3837 
9.923T55 
9.923673 
9j9i35J^ 
' Sine 



9.808361 
9.808638 
9.808916 
9.809193 
9-8o947» 



10.2042 II 
20.203930 
JO.203649 
10.203368 

10.203087 



10.202806 
10.202525 
10.202245 
10.201964 
10.201684 



10.20x404 

10.2CI123 
10.200843 
10.200563 
10.200283 



10.200003 
10.199723 

10.199443 
10.190163 
10.198884 



10.198604 
10.198325 
IO.I980AC 
10.197766 
10.197487 



10.197207 
10.196928 
10.196649 
10.196370 
10.196091 



10.195813 
10.195534 
10.195255 
10.194977 
10. 194698 



9.809748 
9.810-25 
9.810302 
9.810^80 
9.810857 
9.81II34 
9.811410 
9.811687 
9.811964 
9.812241 
9.812517 



10. 1 94420 
10. 1 94 141 
10.193863 
10.193585 
10.193307 

10.103029 
10.192751 
10.192473 
10.192195 
IO.IQI9I7 

10.191619 
10.191362 
10.191084 
10.190807 
10.190529 



Secant, 



10.071 00 
10,071658 
10.071737 
10.071817 
10.071896 



10.071975 
10.072054 
10.072133 
10.072213 

10.072292 



10.072371 
10.072451 
10.072 i 30 
X0.072610 
10.072690 



10.072769 
10,072849 
10.072929 
10.073009 
10.073089 



10.073169 
X0.073249 
10.073329 
10.073409 
10.073489 
10.073569 
10.073649 
10.073 •'30 
10.073810 
10.073891 

10.073971 
10.074051 
10.074132 
10.074212 
10.074293 



10.074374 
10.074455 
10.074535 
10.07^616 
10.074697 



10.074778 
10.074859 
10.074940 
ic.07 .0^1 
10.075103 



10.100252 
10. 189975 
10.189697 
10.189420 
10.189143 
10.188866 
10.1S8589 
10.1S8313 
10.188036 
10.187750 
10.187483 



Ta ig. 



10.075184 
10.07526c 
10.075346 
10^)75428 

10.075509 

10.075591 
T0.075672 

10.07-754 
ro.075836 
10.075917 



10.275790 
XO.275588 
10.275386 
10.275184 
10.274983 
10.274781 
10.274580 
10.274378 
16.274177 
10.273976 
10.273775 
10.273574 
10 273374 
10.2731/3 
10.272973 



10.272772 

io.27a57» 
10.272372 
10.272172 
10.271972 



10.271773 
10.271573 
10.271374 
10.271175 
10.270^76 



10.270777 
10.270578 
10.270379 

ic 80 

i< B2 



0.075909 
0.070080 



10.07 

10 

10.076163 

10.076245 

10C76327 

1C.076409 



89 
91 

?t 
98 

-01 

10.268004 



60 

11 

S7 
Si 
55 
54 
S3 
5* 
%l 

50 

% 

45 
44 
43 
4* 
41 
40 

P 

35 
34 
33 

V- 

3 

30 

27 
26 

*5 

»3 
22 
21 



10.267807 
10.267601 
10.267413 
10.267216 
10.267020 



33 Degrees. 



loi 10 
13 18 



10.266823 
10.166627 
10.266431 
10.266235 
10.266039 
10.265843: 
10.265647 
10.265451 
10.265256 
10.1650D1 



ro. 26486 5 
10.264670 
ICL264475 
10.264280 
10.264086 
ij.264891 



Secant. 



7 
8 

_9 

10 

II 
12 
13 

£1 
15 
16 

17 
18 

19 
20 
21 
22 

»3 
»4 

:? 

30 
31 

3» 

33 

1^ 

3 

3 

37 

38 

52 
40 

41 
4* 
43 
44 

45 
46 

M 
48 
t? 
io 
5' 

;* 
53 

'4 

% 

*7 
\% 

:9 

o 



Sine 



9.736103 
9.736301 
9.736498 
9.736692 
9*736886 



9.737080 
9-737*74 
9-737467 
9.737661 

9-737855 



9.738048 
9.738241 
9-738434 
9.738627 
9.738820 



9.739013 

9-739*05 
9.739398 
9.739590 
9.7^9783 



9.739975 
9.740167 

9.740359 
9.740570 
9.740742 



9.740934 
9.74112c 

9.741316 
9.7415C7 

9.741699 



9.741889 

p. 742080 

9-74**71 
9.742462 
9.74*65* 



£.742842 

9-74303* 
9.743222 

9.74341* 

9.743602 

9-74379* 
9.743982 

9-744171 
9744361 
9-7445SO 



9-744739 
9.744928 

9.745117 
9.745306 

9745 494 
9.745683 
9.745871 
9.746050 
9.746248 
9.7^6436 



9.923591 
9.923509 
9 9*34*7 
9.9*3345 
9.923263 



9.923180 
p.^23098 
9.923016 
9.922033 
9.922851 

9.922768 
9.922686 
p.922603 
9.922520 
9-9**38 



9.921355 
9.922272 
9.922189 
p.922106 
9.922023 
9.921C40 
9.921857 
9.921774 
9.921691 
9.921607 



9.921524 
p.921441 

9-9*1357 
9.921274 
9.921190 



9.921107 
9.92x023 
9.920939 
9.920855 
9.520772 



9.746624 
9.746811 
5.746909 
9.747187 
9-747^74 
974756* 



9.920688 
9.920604 
9.920520 
9.920436 
9-9*035* 



9.920268 
9.920184 
9.920099 
9.910015 
9-919931 



9.919846 
9.9197(2 
9.919677 
9-9 '5 593 
?JL?5£8 

9.919424 
9.919339 
9.919254 
9.919169 
9.919084 



9.81*517 
9.812794 
9.813070 
9.813347 
9.813623 

9^813899 
9.814175 
9.814452 
9.814728 
9.8 1 5c 04 



9.815279 

9-8x5555 
9.815831 
9.8i'^i07 
9 .816382 



Tang. 



9.816658 
9.816933 
9.817209 
9.817484 
9817759 



9.S18035 
9.8183x0 
9.818C85 
9.818860 
9-819135 
9.819410 
9.819684 
9.819959 
9.810234 
9.810508 



9.820783 
9.821057 
9.82*232 
9.821606 
9.821880 



p.822154 
9.822429 
9.822703 
9.822977 
9.823250 



9.813524 
9.823798 
9.824072 
9.814345 
9.824619 



9.919000 
9.91J015 
9.918830 

9.918744 
9.91865Q 

99185:4 

Sine 



9.824893 
9.825166 
9-825439 

9.8^715 
.825980 



10.18748) 
10.187206 
10.1S6930 
10.186653 
10.186377 



10.1S6101 
10.185824 
10.185548 
10 1S5272 
JO 184996 



10.184720 
10.184445 
10.184169 
10.183893 
10 183618 
10.183342 
10.183066 
10.182791 
10.182516 
10.182240 
10.181965 
10.181690 
10.181415 
10.181140 
10.180865 



10.180590 
10.1803x6 
10.180041 
10. » 75766 
10.17949* 
10.179217 

10.178943 
10.178668 
10.178394 
10,178120 



10.17784s 

10.177571 
10.177297 
IC.177013 
10.176749 



10.176476 
10.176202 
10.175928 

10.175654 
10.175381 



9.826259 
9.«26C32 
9.82650 c 
9.S27078 
9-8273^^ 



-•^76*4 
9.82 897 
9.828170 
9.828442 
9.828715 
9.8^8987 



10.175107 
10.174814 
10.174(61 
10.174287 
I c. 174014 



10.173741 

10.173468 
10.173195 
10.172922 
10.172649 



10.1.72376 
10.172103 
10.171830 
tc»7ic58 
'fi;>i7»*85 

fang. 



Secant. 



10.076409 
10.076^91 

10.076573 
10076655 
»o 076737 



10076819 
10.076902 
10.0/6984 
10.077067 
100771^9 



10.077232 
10.07; 314 
10.077397 
10.07:479 
10.077562 

10077645 
10.077728 
10.077E11 
10.077894 
10.07T977 



10.078060 
10.078141 
10.078226 
10.078309 
10.078393 



10.07S476 
10.078599 
xo.078641 
10.07S726 
10.078810 



10.078893 
10.0789 77 
10.079061 
10.079144 
10 079228 

10079312 
10.0793c 6 
10.079480 
10.079564 
10.079648 



10.07973* 
10.079316 
10.079901 
10.07998 ; 
10.080069 



10.C80154 
10.C80238 
10.080312 
10.080407 
10.08-492 
10 080576 
io.o8ot6i 
io.oSo7<6 
10.080831 
10.080015 
10.08 icoo 
10.081085 
10.0? m'7c 
10 08125^ 
10.C81341 

I0>9g#426 



10.263891 
10.263697 
10.263502 
10.263308 
ro.263ir4 



10.262920 
xo.261726 
10.262532 
10.262339 
10.262145 
10.261952 
10.261759 
10.261566 
10.261373 
10.261180 



10.260987 
10.260794 
10.260602 
10.260410 
10.260217 



io.25cc2i 
io.259?33 
10.259641 
10.2:9440 
10.2 59258 
10.25Q066 
10.258875 
10.25S684 
10.258492 
io.2;830i 



10.258110 
10.257920 

10.2577*9 
10.2C7C38 
10.257348 

10.257158 
10256967 
10.256—7 
10.256587 
10.256398 



fo.256208 
10.256018 
10.255829 

10*55639 
10.2C5540 



10.255261 

10.255072 
10.25-883 
10.25.; 694 
10.254 C06 



10.254317 
10.254119 
10.253910 
10.253752 
10.253564 



10253376 
10253188 
io.253roi 

10 2528XT 

10.251626 
m e ;24'^8 

; Strci^nt. 



60 

5? 
58 

^I 
15 
55 
54 
53 
5* 
^ 
50 
4i 
48 
47 
46 

45 
44 
4^ 
42 

40 

32 
38 

35 
34 

31 
3* 

3' 

29 
28 

y 

*5 
*4 
*3 
22 
21 

*o! 

:i 

•7 
16 

15 

14 
13 
12 

10 

\ 

7 

5 
•4 
3 

2 
1 

o 

M 



57 Degrees, 



56 Degrees. 
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34 Dcgnn. 



J52?^rw. 



J9 

JO 

ti 
U 

'3 
l± 

\i 

W 

11 
ao 
II 
ift 
H 
H 

\i 

H 

30 

3« 
3a 

J3 
34 



la 



Sioe 



9.7475^ 
9-74774? 
9-747936 

9.74M*3 
9^310 



9-74;497 
9.748683 
9.748870 
9.749056 
9.749244 



9-7494«9 
9.749615 
9.749801 
9.749987 
^.750'7» 



9.750358 
9'7S0543 
9-7507*9 
9.750914 

9-75'099 
9'75»!4 



9-7S«4fi9 
9-75«S4 
9.751838 



2122*} 



9.75M07 
9-75»39} 
9-75»57« 
9.75*760 

9-7M44 



9-7nn< 
9«7533" 
9-753495 
9«753679 
753«6» 



9-754046 
9.754229 

37 9-7544" 
3« 9-75459J 
9-75477» 
9.754960 



39 
40 
4» 
44 
43 



50 
$« 

5» 

53 
54 

M 

58 
^9 
60 



9-755'4} 
9-7553*; 
9.7555o« 
9-755690 



9.75JS7* 
9-75fo54 
9.756136 
9.756418 
9.756600 



9,756781 
97^6963 
9-757H4 
9.757316 

9-757507 



9-757Sf« 
9.757869 
9.758049 
9-7^1*30 
9.75841 I 

9-75859« 



9.918574 
9.918489 
9.918404 
9.918318 
9.918133 



9.918147 
9.918061 
9.917076 
9-9I7J9X 
9-9»7go5 



9.917719 
9.91 763A 
9.917548 
9.917462 
9-9'7376 



9.917290 
9.917104 
9.917118 
9.917032 
9-9'6945 



9.916859 

9.916773 
9.916687 
9.9166CO 
9-9'65i4 



9.916417 
9.916341 
9.9161C4 
9.916167 
9.9 16080 

9^15994 
9.915207 
9.915810 
9-9»573| 

9:5 lai? 

9*9»5559 
9.915472 
9.915385 
9.91P97 
9.915110 



9.915113 
9.91503-j 
9.914(^8 
9.914S60 
5:914773 
9.91468c 

9-9H59» 
9.914510 

9.9144** 
9-9M 334 
9.914*^6 
9.914158 
9.914070 
9.913482 
9.913895 



9.913806 
9-9'37i8 
9.913630 

9-9«354» 
9-9»34S3 
9*9»3364 

$ioe. 



tang. 



qlli8987 
9.829260 

9-5*953* 
9.829805 
9.830077 



1.830349 
1.830611 



9 . 

9-«3' . 
9.830803 

9.831165 
9-83 H37 



9.831709 
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9.839257 
9J39568 

9.839838 
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xo. 1x0570 

10. T 103 15 

xo. 1 10057 
10.109796 

10.109535 

XO.X09175 

10.109014 
IO.T08753 ' 
10.208493 
XO.X08231. 
IO.I0797X 
XO.X077XX 
10.X0745I 
XO.X07190 
Tang. 



.Secant. 


10.22053; 
10. 220309 

X0.220202 

X0.22C034 
X0.2I9S67 
10.2J9700 

10.219533 
10.219366 
10.219199 
10.219032 
xo.2ig866 

10.218699 
10.218532 
10.218366 
10.218190 
10.118034 
10.117868 
10.117701 
10.H7536 
10.217370 

10.117204 
10.1x7039 
10.116873 
10.1x6708 
10.116541 

ZO.l 16377 

10.216212 
10.2x6047 
10.2x5882 
X0.2I5718 


10.C97651 

10.C97747 
10.097842 
10.097957 
XO.098033 


10.098128 
10.098224 
XO.098319 
XO.098415 
10.098510 

10.C98606 
XO.098702 
10.098798 
X0.098894 
10.098990 


10.099086 
10.099x82 
X0.099278 
10.099374 
10.099471 
10.05,9567 
10.099663 
10.099760 
10.099856 
10.099953 


10.X00049 
XO. I CO 146 

10.100243 
XO.X00340 
XO. 100436 


10.100533 
xo. 100630 
XO.X00717 
xo. 100824 
XO. 100922 


10.215553 

102x5388 
10.2x5224 

10215059 
10.214895 

10.214731 
10.214567 
10.214403 
10.214239 
10.214075 


xo.ioioio 
XO.IOIXI6 
X0.70I2I3 
XO.JOP3XI 
XO. 10x408 


to. 101 506 
10.101603 
IO.JOX70X 
XO.XOI798 
XO.XOI896 


I0.2I39I1 
10.2I37A8 
10.213584 
10.213420 
10^13258 
10.215094 

10.212931 
10.212768 
10.212605 

10.2x2443 

10.212280 
10.212117 
10.211955 
X0.2XI792 
X0.21I630 


10.101994 
10.X02092 

10.J02X00 

IO.X02288 
XO.X02386 


10.102484 
XO.X02582 
10.102680 
10.102778 
10.102877 


10.102975 

10.103073 
10.103x72 
xo. 103271 
10.103369 
10.X03468 


10.211467 
X0.2I1305 
10.211143 

XO. 2 10982 

10.210820 
10.210658 

Secanr. 



60 

59 

58 

57 

5i 

55 
54 
53 
5* 
SI 
50 

% 

i« 

45 
44 
43 
42 

41 
40 

.y 

35 

34 
33 
32 
3i 
30 

:i 

17 
26 

2<; 
»4 
i3 
22 
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M ^' l — 



38 j^egrtes. 



o 

I 
% 
3 

4 



± 
10 
II 
12 
»3 
£4 

!i 

19 
10 
^l 
11 
a| 
H 

\l 

»7 
28 

»9 

30 
1» 

.32 

31 
34 

li 

li 
40 
4» 
4* 
43 
44 

46 

47 
48 

12 

so 
5» 
5* 

S3 

il 

11 
1^ 



Tang. 

I92S10 
[93070 
[9333« 
9349« 
>93»5' 
E94111 

!9437» 
194632 
I94892 
^9S'5» 

J9S672 
J95932 
{96 192 
J96452 



{96712 
{96971 
I97231 
I97491 
|?77SJ 
^Soio 
^98270 

S98789 
^ 99049 

S99C68 
S99827 
P00086 
^00346 
^00605 
3100864 

JOII14 
JOI381 

^164^ 



^1901 
^160 

J024I9 
^02670 

»o*93» 

^03197 

W4S5 
^0371 4 
^3973 



^04491 
904750 
905008 
905267 
905520 



907077 
^07336 
W594 
^>78S* 
loSiii 
J08369 



10. 1 07 1 90 
10.106930 
10.106609 
10.106409 
10.106149 



10.105880 
10.10562I 
10.105368 
10.105108 
10. 104848 
to. 104588 
10.104318 
10.104068 
10.103808 
10.103548 



10.103288 
10.103029 
10.102769 
10.102509 
10.102249 



10.101990 
10.101730 
lo. iai47o 
10.101211 
10.100951 



10.100692 

IO.K>Q432 

IO.IOOI73 
10.099913 

10.099654 



fo.099395 
10.099135 

10.098876 
10.098617 
10.098358 



10.098099 
to.0978lo 
10.097580 
10.097321 
10.097062 
10.096303 
10.096544 
10.096286 
10.096028 
10.00 5768 

10.095509 
10.095250 
10.094922 

'0094733 
10.094474 



10.094215 
10.093957 
10.093698 
10.093440 
10.093181 

10.091923 
iO. 092664 
1 0.092406 
,0.092 147 
J 0.09 1 889 
1O.0916XI 
Tang 



Secant. 



10.103468 
10.103567 
10.103665 
10.103764 
10.103863 



10.103962 
10.104061 
10.104160 
10.104259 
10.104359 

10.104458 
10.104C57 
to. 104656 
10.104756 
10.104855 



10.104955 
10.105055 
10.105154 
10.105254 
10.105354 



10.105454 
10.105^54 
10.105654 
10.105754 
10.105854 



to.iow54 
10.106054 
10.106154 
10. 106255 
10.106^55 



10.106456 
19.106556 
10.IC6657 
10.106757 
10.106858 



to. 1069 59 
10.107060 
10.107160 
10.107261 
to. 107362 



10.107463 
10.107565 
10. 107666 
10.107767 
10.10 7868 

10.107970 

TO. 10807 1 

io,ic8»73 

to. 108274 
io.io8';76 



to. 108477 
10.108580 
ro. 10868 1 
10. 108483 
10.108885 



10.108987 
10.109089 
10.109191 
10.109293 
10.109395 
10.109497 



10.210658 60 
10.210496 5 
io.fti0335 
10.210173 
10.210012 

10.209851 
10.209690 
10.209528 
10.209367 
10.209207 



10.2090^6 
10.208885 
TO.208725 
10.208564 
to.20 8404 

10.208243 
10.208^3 
10.207923 
10.207763 
10.207603 



to.207443 
10.207284 
10.207124 
10.206064 
10.206805 

10.206646 
to. 206456 
10.206327 
to.2o6r68 

10.206009 



10.105850 
10.205692 
to.205533 
10.20537^ 
10.205216 
10.205057 
10.204899 
10.204741 
10.204583 
10.204425 



10.204267 

10.1041C9 

to.20395 

10.20379 

10.20363 



;?j 



10,203479 
10.203321 
10.203164 

IO 2030C7 
10.20 2850 
10.202691 

t0.202^ 
10.202379 
10.202222 
10.202066 



10.201909 

to. 201753 

tO.201597 
10.201440 
10.201284 
10.20 1128 

Secant, 



9-793»7; 
9.799018 

- 9-799X^ 

3 9-799339 

Jt' 9'79949S 

I " " 

8 y.www.., 

9 9*800272 

10 9.800427 

11 9.800582 

12 9.800737 

13 9.800892 
£4 9.801047 



51 Degrees^ 



39 Degrees. 



Sine 



9.799651 
9.799806 
9.799962 
9.800117 



15 9.80120 1 

16 9.801356 

IT 9.8oi<it 
9.8oi66<, 
9.801819 
9.8019^- 
9.8021*0 
9.802282 
9.8024 



>.|0242S 



17 
18 

n 

20 
21 
22 
»3 
21 

\i 

22 
30 

3» , 

3* 9 

33 9 

34 9 

36 9. 

3» 9 
12 9' 

40 9.805038 

41 9.805191 
4a 9.805343 
43 p.;o5495 



9.802743 
9.802897 
9.S03O5O 

9.<»— 04 

t iZ 
10 

64 

17 
70 

t8 
Bt 



p.80549^ 

>8o5642 



45 9-J05799 

46 9.805951 

47 9.806103 

48 9.806254 

49 9.8064 06 

50 9.go6557 

51 9.806709 
51 9.806860 

53 9*070" 

54 9.807163 



55 9-«o73»4 

56 9.807A65 

57 9-8o76'5 

58 9.807766 



9.890503 
9.890400 
9.890298 
9.890195 

9»9«>93 



9.88 

9.8898^8 

9.88978^ 

9.889682 

9'gS9S7» 



9.889476 
9.889374 
9.889271 
9.889167 
9.889064 



9.888961 
9-888858 

9.888651 
9.888548 



9.888444 

9.888341 

9.888237 

9.888133 
9.888030 



9.887026 
9.887822 
9.887718 
9.887614 
9.887510 



9.887406 
9.887302 
q.P»— )8 

9' U 



i£ 

II 

76 

71 
S6 

62 
57 
-5» 



9.886047 
9^^8859^ 



9.885837 

9.88573a 
9.885627 
9.885521 
9.885416 



9.885311 
9.885205 
9.885^100 

r.8^ 



9.884783 
9.884677 

9.884466 
9.884360 

Sine 



Tang. 



9.908369 
9.908627 
9.908886 
9.909144 
9.909402 



9.909660 
9.909918 
9.910177 
9.91043s 
9.910693 



9.9IC951 
9.911209 
9.911467 
9.911724. 
9.911982 



9.912240 
9.912498 

9.912756 
9.913014 

9.9»3*7i 



9-9i35»9 
9.913787 
9.914044 
9.914302 
9^914560 



9.914817 
9.915075 
9.915332 
9.9>5590 
9.9IJH7 



9.916104 
9.916162 
9.916619 
9.916876 
9'9'7I|4 



9.917191 
9.917648 

9.917905 
9.918163 
9.918420 

9.918677 
9.918934 
9.919191 
9.919448 
P'9»9705 



9.919962 
9.920219 

9.920476 
9.920733 
9.920990 



9'9"H7 
9.921503 
9.9*1760 
9.922017 
9.92^274 



9.92S5jK> 
9.922787 
9.923044 
9.923300 

9.9a35S7 
9^923813 



10.091631 
10.091372 
10.091114 
10.090856 
10.090598 



10.090340 
10.090081 
10.089823 
10.089565 
10.089307 
10.080049 
10.088791 
io.oS8i33 
10.08S275 
10.088018 



to.087760 
10.087502 
10.087244 
10.086^ 
10.086729 



to.086471 
io.p862i| 
10.08595© 
10.0&5698 
10.085440 

to. 085 18 3 
10.08492c 
10.084668 
10.084410 
10.08415s 



10.08389c 
io.o836ti 
10.083381 
•0.083121 
10.0S2866 



io.o826o9< 
10.082352 
10.083095 
10.081837 
10.0815. 



10.081322 
10.081066 
to.080809 
io.o8o55» 
10.08 0296 
10.080018 
10.079781 
10.079524 
10.079*67 
10.079010 



10.078753 

10.078497 

10.078240 

10.07795 

10.077721 



10.077470 
10 077212 
10.076956 
10.076700 
10.076441 
10.076186 

Tang. 



Secant. 



10.109497 
10.109600 
10.109702 
10.109805 
10.109907 



to.i 10010 
10. 1 101 11 
10.11021^ 
10.110318 
10.110421 



10.110521 
10.110620 
10.110729 
«o. 114832 
10.110936 



10.111039 
10.11114a 
10,111245 
I0.1II349 
10.111452 



10.111556 
10.11 i6c9 
10.111761 
10.111866 

10.111970 



10.112074 
10.112178 
10.112282 
10.112386 
10.112490 



10.112(94 

io.tit098 
«o.iis8ot 
10.112907 
10.113011 



10.113115 
10.113220 

10.1133H 

10.113429 
10.H3534 



10.113638 

10.113741 
10.113848 

10.113954 
10.114058 



10.114161 
10.114268 
10.114373 
10.114478 

10.114584 



10.114689 

10.1H794 
10.114900 
10.115005 
10.115111 



10.1152T7 
10.115322 
10.1154*8 
«o*i'5534 
10. 1 1 5640 
10.115746 



laioiizS 
to.200073 
io.aooii6 
10.100661 
10.200505 



10.200349 

10.1001^ 

io.tooo)S 
10.19911] 



10.199571 
iai99«ti 
10.1991^ 
iai99iol 



io.i9g79S 
10.198644 
10.198489 
io.i98«5 
10.198181 



10.1980x6 
la 197872 
la 197718 

io.i975^ 
10.197411 



10.197457 
10.197103 
10.19695; 



10.19^4^ 
iai96|t6 
fo.196183 
10.196010 

io.i95<n 



10.195724 
10.195572 

IO.I954J9 
10.195266 

10.195114 
iai94J«i 
io.t9W 
10.194^57 
10.1945^ 
10194353 
10.194201 
io.i94«49 
10.193897 
IO.I9T74* 
10.19J5W 



10.19)44^ 
10.193291 
xo. 193 1 40 
10192^^9 
io.i92<3? 

10. 192626 
10.191535 
io.i923»5 
io.ifi»34 
10192^05 
10^91931 
Sccanc. 
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40 Degrees. | 


41 Degrees. 


■- 


Sine. 


9 ■?4^54 
■1 5^4148 
(J ;'"S/'042 

9.^83936 
9 .^3829 
9.88372^ 

9 883617 
9 88351c 
9.883404 
9.883297 
9.883191 
9.883084 
9.88297" 
9.882871 
9.882764 

9.882657 
9.882550 
9.8814^3 
9.882336 
9.882228 
9.^8ziri 
9.882*14 
9.88 r907 
9.881799 
9 881692 


Tang. 




Secants 




60 

% 

55 
54 
53 
5* 
ii 
SO 

45 
44 
43 
4* 
41 
40 

35 
34 
33 
3* 
3J 
30 
29 
28 

*7 
26 

25 
24 

*3 
22 
21 

20 

;i 

'^ 

»4 
M 

12 
II 

lO 

1 

7 
6 

5 
4 
3 
2 
1 

M 


S 

3 



I 
2 

3 

4 

1 

7 
8 

_9 
10 
11 
12 
'3 
M 

11 

':% 

19 
,20 
21 
22 

»3 
^4 
25 
26 

:? 

29 

30 

3» 

32 

33 

34 

M 

39 
40 
4» 
42 

43 
44 

M 

47 
48 
^9 
50 
V 
^* 
53 
54 

a? 


Sine 

9.816943 
9.817088 
9.817233 
9.817378 
9.817523 

9.817668 
9.8178M 
9.817958 
9.8x8103 
9.818247 


9 
9, 
9 
9 

2 f 
9. 
9 
9 
9 9 
9_ 9 
9 8 
9 8 
9 7 
9 5 
2 6 
9 5 

9 4 

9 4 
9- 3 
9; * 

9 I 
9. 9 
9 8 
9 7 
9. 6 

9 4 
9 3 
9 I 
9 <? 
9j 8 
9 6 
9 4 
9 * 
9 
9 8 
9" '6 
9 4 

9 * 
9 

9 8 

i I 

9 

9 8 

t i 
9 * 

9 9 
9 7 

9.872321 


Tang. 




Sfcant. 


XO. 18305 7 
X0.182919 
10.182767 
10.182621 
10.182476 

10.182331 

10.182187 
10.182042 
xo.x 8x897 

XO.X81752 
10.181608 
xo. 1 8 1464 
10.18x319 
xo.x8fi75 
10.181031 




V 80S2/S 
9.608363 
o.S ;3;i^ 

c) 808669 

g. J ;'o8i9 
9.8-2969 
1 . '^ - q 1 1 y 
1 ,.-^-■.269 
4.^> :v4J9 
C.SC956Q 
9.S09718 
0.8C986S 
9.810017 
0.810167 
9.810316 
9.810465 
9.810614 
9. S 10763 
q.810912 


9.923813 
9.924070 
9.924327 

9.924583 
9.924840 

9.925096 
9.925352 
9.97, C609 
9.925605 
9.926121 
9.926378 
9.926634 
9.926890 
9.927147 
9.92^403 

9.927659 

9.9*79>5 
9.9*8 '71 
9.928427 
9.928683 

9.9289i|o 
9.929196 

9.9*945* 
9.9*9708 
9.929964 


10.076186 
10.075930 
10.075673 

K3.075417 
10.075160 

10.074904 
10.074648 
10.074391 
'0.07413c 
10.073878 


10.115746 
10.115852 
10.115958 
10.116064 
10.116170 


10.191952 
XO.I9I782 
10.191632 
10.19I48I 

I0.19I33I 


9.939163 
9.9394x8 

9.939673 
9.9399*8 
9.940183 


xo.060837 
xo,o6o582 
X0.060327 
X0.060072 
10.059816 


10 122220 
10.122330 

10,122550 
10.122660 


6^ 


10 116277 
10.116383 
xo. 116490 
xo. 1165(^6 
xo. II 6703 


10.191180 
io. 191030 
10.X9088X 
XO.X90731 
10.190581 


9.940438 
9.940694 
9.940949 
9.94x204 
9.94x458 


10.059561 
10.059306 
10.059051 
10.058796 
X0.058541 


10.122770 
10.122880 
10.122990 
10.123101 
10.12321X 

10.123321 
10.123432 
X0.X23543 
10.123653 
10.X23764 


53 


10.073622 
10.073366 
10.073110 
10.072853 
10.072597 
10.072341 
10.072085 
10.071829 
10.071573 
10 Q71316 


10.116809 
xo. 11 69x6 
10.117023 
lo.x 17129 
10.117236 


10.190431 
10.190282 
10.190x32 

'°- "89983 
10.189833 

xo 84 
10 35 
10 86 

10 ,7 
10 88 

10 39 

10 90 
10 42 
10 93 
'0 ^45 


9.818392 
9.818536 
9.818681 
9.8x8825 
9^18969 
9.81911J 
9.8 9258 
9-815401 
98x9545 
9.8^689 
9 819832 
9.819976 
9.S20120 
9.820263 
9,820406 


9.94171I 
9.941968 
9.942223 
9.942478 
9-94*733 


10.058286 
10.058032 
X0.057777 
10.057522 
10.057267 

10.057012 
10.056757 
10.056502 
10.056248 
10.055993 

10.055738 
10.055483 
10.055229 
10.054974 
10.054719 


50 


10.117343 

xo X17450 

X0.117557 

10.117664 
10.117771 


9.942988 
9-943H3 
9.943498 
9-94375* 
9.944007 


10.123875 
10.123985 
10.124096 
10. 1 24207 
10.124^18 

10.124429 
10.124541 
10.1246^2 
JO. 124763 
10.124874 


xo. 180887 

10.180743 

10 180599 

xo. 180455 
IO.I80M1 


45 
44 
43 
4* 

4' 


9.81 1061 
9.81 1210 
9.811358 
9.811507 
9.811655 


10.071060 
10.070804 
.10.070548 
.10.070292 
10.070036 

10.069780 
10*669524 
10.069269 
10.069013 
10068757 


xo. 11 7879 
10.117986 
10.118093 
10.118201 
10.118308 
IO.I184I6 
10.118523 
10.118631 
10.118739 
10.118847 


9.944*62 
9.944517 
9.94477» 
9.9450»<^ 
9-945*8x 


xo.i8o!(7 
10.180074 
10.179S80 
10.179737 
io.i7t«:c4 


40 
39 
38 
37 
l6 


9.811804 
9.81 1952 
9.81Z100 
9 81*248 
9.812:395 

9.8£2r4^ 

9*8 12692 
9.812840 
9.812988 
9.813135 


9.881584 
9.881477 
9.881369 
9.881261 
9.881153 


9.930219 

9.93c^475 
9.930731 

9.930987 
9.931243 

9'93H99 
9.93*755 
9.93Z010 
9.93**66 
9.93*5** 
9.93*778 
9.933033 
9.933189 

9-933545 
9.933800 


10.188196 
10.XS8048 
10.187900 
10.187752 
10.187603 


9.820550 
9.820693 
9.820836 
9.820979 
9.821122 


9-945535 
9.94«:790 
9.946045 
9.946299 
9.946554 


10.054465 
10.054210 
10.053955 
10.0537C0 
10.053446 


10.124986 
10.125097 
10.125209 
10.125320 
10.125432 

10.125554 
10.125656 

to. 125767 
10x25879 

10.T2S991 


10.1794,0 
fo. 7^307 
X0.179164 

10.170021 
10.178878 


35 

34 
33 
3' 
31 


9.880938 
9.880830 
9.880721 
9.880613 


'xo.068501 
10.068245 
10.067989 
IQ.067734 
10.067458 


10.118954 
10.119062 
10.119170 
10. 1 19278 
10.119387 


10.187456 
10.187308 
10.187160 
10.187012 
10.186865 


9.821265 
9.821407 
9 821550 
9.821693 
9.821835 


9^946805 
9.947063. 
9i9473»7 
9'S47J7* 
9.547826 


10.053192 
10,052937 
10.052682 
10.052428 
10.051173 

10051919 
10.051664 
XO.051410 
X0.051156 

10.050901 

10.050647 
10.050392 
10.050138 
10.049884 
10.049629 
10.049375 
.10,049121 
10.0.' 8867 
10.048612 
10.0483 c8 


10.178735 
10.178593 
10.178450 
IO.I783C7 
10.178165 


2Q 
28 

27 
26 


9.813283 

q.8 13430 

0.8 13578 

9.813725 
9-81387* 


9.880505 

9;88.0327 
9.880289 
9. 880 180 
9.880072 

9.879963 
987985c 
9.879746 

9.879637 
9.879529 

9.879420 
9 879311 
9 879202 
9.879093 
9.878984 

9878?7'> 
9.S7S766 
9.873656 

9.878+38 
p.8^33i8- 
9.878219 
9.878109 
9.87-099 
0.877800 
9.877780 


10.067222 
.10.066967 
10.066711 
,10.066455 
10^066200 
;io.o65944 
,10.065689 
10.065433 

:l 0065177 
.10.064922 

-10.064666 
.ro.064411 
tl 0.064 156 
,10.063900 

10. 063645 


10.119495 

JO. 1/9603 
10.119711 
10.119820 
10.119^28 
10.120037 
10.120145 
10.120254 
xo. 120362 
10.120471 


10.186717 
10.186570 
10.186412 
10.186275 
10.186128 


9.821977 
9.822x20 
9.822262 
9.822404 
9.822546 


9.9480S 1 

9^94833^ 
9.948^90 

9-948844 
9.949099 


10.126103 
10.126216 
10.126328 
10.126440 
io.i?65;2 
10.126665 
10,126777 
10.126090 
10.127002 
XO.127115 


10.178022 
10 177880 
10.177738 
10.177596 

10.1774 <r4 


i 

22 
21 


9.814019 
9.824166 

9.814313 
9.814460 

9.814607 

9-814753 
9.814900 

9.815046 
9.815103 

9-8'53'30 
9.815485 
9 815631 
9.815778 
9.815923 
9.8iCo^9 

9.816215 
9«8 1636^1 

9.816507 
0.816652 

0.816797 
9-«»«943 


9.934056 
9.9343" 
9-934S67 
9.934822 
9.935078 


10.185981 
xo. 185834 
10.185687 
10.185540 
ro.185393 


9.822688 
9.822830 
9 822972 
9.823114 
9.823255 


9 949353 
9.949607 
9.949862 
9.9501x6 
9.950370 

9.950625 
9.950879 
995"31 
9-95'388 
9-951642 

9.951856 
9.95*150 
9.951401 
9.952659 

9-95*913 


10.177312 

10.177170 

10. 1 770?.8 
10.176886 
10.X76744 

10.176603 
10.1 7646 X 
10.176320 
xo.i'^6i79 
XO.X76037 

XO.X75896 
IO.X7^755 
10.175614 
10.175473 
10.175332 


20 
19 
18 

17 
16 


9.93^333 
9-9^35589 

9.935844 
9.936100 

9-936355 
9.9366T0 
9.936866 
9.937121 
9-937376 
9.937632 

9.937887 

9.938 '4* 
9.938397 
9.938653 
9.938908 
9.939163 


xo. 120580 
10.x 20689 
10.120798 
10.120907 
10.121016 


10.185246 
10 XS5I00 
xo. I 84054 
10,184807 
10.184661 


9.823397 

9.823680 
9 823821 
9^823963 
9.824104 
9.824245 
9.824386 
9824527 
9.824668 

9.824808 
9.824949 
9.825090 
9.825130 
9825370 
9.825511 


10.127228 
10.127341 
10.127453 
io.X27^66 
1^.127679 

10.127792 
10, 127905 
10.128019 
10.128132 
10.128245 


15 

'4 
'3 
12 
11 


10.063389 
10.063X34 

io.o62j?.:9 
10.062623 
10.062368 
10.062112 
TO o'')r8^-8 
10.061602 
10.061347 
10.061092 
10.06 -!837 

Tang, 


40.121125 

10.121234 

10.121344 

io.i2t4<;3 
JO. 12x562 


10,184^5 

10.184368 
10.184222 
10.1^4076 
10.183931 

10.I837S5 

10.183639 

10.183493 

10.1S3348 
xo. 183202 

10.183057 

Scrant. 


9.872.-08 
9.85-2004 
9.871081 
9.871868 
9-87175^ 


XO 048104 
10.047850 

10.047595 
10.0473A1 
10.047087 

10.046833 
10.046^79 
10.C46325 
10.046071 
10.045817 
10.045^63 


10 

I 
I 


10.121672 
X0.121781 
^c. 121891 
xo. 1 22001 
26.122110 

;|0.I22220 


9.871641 
9.871528 
9.8714x4 
9.871301 
9.871x87 
9.871073 


9.953167 
9.9534*1 
9-953675 
9-9539*9 
9.954183 

9-954437 


10.128359 
^0.128472 
10.128586 
XO.X28699 
10.X288X3 
10.128926 


10.175192 
10.175051 
10.1749x0 
10.174770 
io,i'»4629 
10.1744S9 


5 

4 
3 

\ 

c 




. Siiii?. \ 1 




Sine. ■ 


TanK. 




Sc: ar r. 


M 






49 


Degrees. 






\ 






48 J 


Decrees. 
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7.2 A Table of Artificial Sines^ Tangents and Secants. 




42 Degrees. 


43 JJegrees. 




. 2 

a 


1 

2 

3 
4 

1 
I 

_? 
10 
II 
12 
.>3 
1* 
M 
16 

;? 

20 

22 

.13 

.y 

2fc 

2I 

.30 

3" 
3* 
33 
34 

1 39 
■40 
41 

'4a 
43 
44 

11 

47 
48 
49 
50 
S« 
5i 
53 

^5^ 
IS 


Sine. 




Tang. 




Secant. 

10.128926 
10.129040 
10.129154 
10. 129^58 
10.129382 


10.174489 
10.174349 
10. 174x09 
10. 174069 
10.173928 


6c 

11 

57 
5^ 
55 
54 
53 
5* 
52 

50 

:? 
:] 

45 
44 
43 
42 

i! 
40 

\t 

35 
34 
33 
3» 
V 

30 

:i 

27 
26 

»5 

«4 
^3 
22 
21 

20 

]l 

»7 
t6 

15 

>3 
12 
11 
10 
9 
8 

7 
6 

5 
4 

3 
2 
1 


M 


3 



1 

2 

3 

4 

1 
i 

_9 
10 
II 
12 

'3 

\l 

17 
,8 

12 
20 
21 
22 
*3 
*4 

\l 

»7 
28 

i2 
30 
31 

3* 
33 
34 

\l 

39 
40 
41 
4» 

43 
44 

M 

ts 

49 
50 
5» 
S» 
51 
54 

55 
56 

^7 
58 

60 


Sine 

9.833783 
9-8339J9 
9.834054 
9.834189 
9.834325 




T«ng. 


! 


Secant. 

10.135872 
10.135990 
10.136108 
10.136226 
10.136344 

ro. 136462 
10.136581 
10.136699 
10.136817 
10.136936 






9.825511 
9.825651 
9.825791 
9.825931 
9.8x6071 


9.871073 
9870960 
9.870846 
9.870752 
9870618 


9-954437 
9.954691 

9.954945 
9.955J99 
9-955453 

9.955707 
9.955961 
9.956215 
9.956469 
9.9567^3 


10.045563 
10.045308 
10.045054 
10.044800 
10.044546 


9.864127 
9.864010 
9.863892 

9.863774 

9.863656 


9.969656 
9969909 
f.970162 
9.970A16 
9.970669 


1 10.030344 

1 10.030091 

10.029838 

10.029584 

10,029331 


10 i66x,7 
10.16608: 
10.165946 
10.1658/1 
10.165675 




9 826211 
9.826351 
9.8t6«9i 
9.816631 
9.826770 


9.870504 
9.870390 
9.570276 
9.870161 
9.870047 


10.044292 
io.o440«8 
10.043785 
10.04353, 
-10.043277 
10.043023 
10.042769 
10.042515 
10.042261 
10.042007 


10.129496 
10.129010 
10.129724 
10.129839 
10.129953 


iu.,73789 
,0.173649 
10.173509 
10.173370 
10.173230 


9.834460 
9.834595 
9.834730 
9.834865 
9.834999 


9.863538 

9.863419 

9.863301 

9.863183 

9.863064 


9.970922 
9.971175 
9-9714*9 
9.971682 

9-971935 


« 10.029078 
fo.028825 

1 10.028571 
10.028318 
10.018065 


10.16554c 
10.165405 

10. 1652 TO 
10.165,35 
IO.I65COI , 


r 


9.826910 

9^:l2^?J? 
9.8273x8 
9^274-67 
9.827606 
9.827745 
9 827884 
•9.828 23 
9.828162 


9.869704 
9.869589 
9 869474 

9 869360 
9 869245 
9869130 
9.^9015 
$.868900 


9956977 
9.957211 
9.957485 
9.957739 
9 957993 


10.130067 
10.130182 
10.130296 
10.130411 
10.130526 


10.173090 
10.172951 
,0.17281, 
10. 1 72672 
,0.172533 

10.172394 
10.172255 
10.172116 
,0.171077 
10.171838 


9.835,34 
9.835269 
9.835403 
9835538 
9.835672 

9.8358-7 
9835941 
9.836075 
9.836209 
9,836343 


9.862046 
9.862827 
9.862709 
9.862590 
9.86247, 


9.972188 

9.972441 
9.972694 

9.97*948 
9.973201 


10.0x7812 
10.027559 
10.027305 
10.027052 
10.026799 


10.137054 

10.137173 
10.137291 
10.137410 
ro.i37529 


10.16486^ ' 
10.164751 \ 
10.164597 ^ 
10.164462 - 
10.164311 ^ 


- 
J 
i 


9.938246 
9.958500 
9-958754 
9.959008 
9.959262 

9-959515 
9-959770 
9.960023 
9.960277 
9.960530 
9.960784 
9.961038 
9.961291 

9.961545 
9.961799 


10.041753 
10.041500 
10.041246 
10.040991 
10.040738 
10.040484 
10.040231 
10.039977 
10.039723 
10.039470 


10.130640 
io,ijP755 
10.130870 
10.130985 
10.131100 
10131215 
10.13,330 
10.131445 
10.131560 
10.13,676 
10.131791 
10. 13 1907 
10.132022 
10.132138 
10.132253 


9-862353 
9.862234 

9.862115 

9.86,096 
9.861877 


9-973454 
9.973707 
9.973960 

9.974*13 
9.974466 


10.026546 
10.026293 
10.026040 
10.025787 
10.025534 


10.137647 
'O.I 37766 
10.137885 
fo.i3Soo4 
10.138123 


10.164195 4 
10. 164c 59 4 
10.16392; J 
10.163^'r ^ 
10.J63657 4 
io.i63;i3 4 
10.1633&; 5, 
10.163255 5 
10..1631M I 
10 i629gS 3 




9.828301 

9.828716 
9.828855 


9.868785 
9.868670 
9.86?553 
9.86S440 
9J68324 

9.S68209 
9.868093 
9.86707$ 
9.867862 
9.867747 

9.867631 
9.8675,5 

9.867167 


10.171699 
X0.171561 
ro.171422 
10.17,284 
10.17,145 


9.836477 
9.836611 

9.837012 


9.86,758 
9.861638 
9.86,5,9 

9.861400 
9.861280 


9-9747 '9 
9.974973 
9.975226 

9.975479 
9-97573* 


10.025280 
10.025027 

10.0H774 
10.024521 
10.024268 


X0.138242 
xo. 138362 
10.138481 
X0.138600 

TO. 138720 




9.S239V3 
9.8291^1 
9.829269 
9.829407 
9-^^9545 
9.8x9683 
9.829821 
9.829959 
9.83C097 
9.830134 

9.830372 
9.830509 
9.83C646 
9.830784 
9.830921 

9.831058 

9.831195 
9.831332 
9.831469 
9 831606 


10.039216 
10.038962 
10.038708 
10.038455 
10.038201 

10.037947 
10.037694 
10.0374A0 
10.037187 
10.036933 

Z0.036680 
to.036426 
IC.036172 
iao359i9 
10.035665 


10.171007 
10.170869 
10.170731 
10.170591 
10.170455 


9.837146 

9837379 
9.837412 
9.837546 
9.837679 


9.861161 
9.861041 
9.860921 
9.860802 

9.860681 


9-97598? 
9.976*38 
9.976491 
9.976744 
9.976997 


10.024015 
10.023762 
10.023509 
10.023256 
10.023003 

XO.022750 
10.022497 
10.022244 
10.021991 
10.021738 

10.021485 
10.021232 
10*020979 
10.020726 

ro.020473 


10.138839 
IO.I3895J 
IO.I3907S 
rO.,39198 
10.1393,8 


10-16x854 3 
IO.J61721 j 

10.161587 5 

10.161454 3 

10.P613XI 3 




9.962052 
9- 962306 
9.962560 
9962813 
9.963067 


10.132369 
10.132485 
10.132601 
10.132717 
10.132833 


10.170317 
10.170179 
10.170041 
10.169903 
10.169766 


9.837812 

9.837945 
9.838078 
9.838211 
9^38344 

9-838477 
9.838607 

9.S39007 
9.839140 
9.839272 
9.839404 

\\'^^\ 

9.839800 

9.839912 

9.840064 
9.840196 
9.8403x8 
9.840460 

9.840591 

9.840722 

9.840854 
9.840985 


9.860562 
9.860442 
9.860322 
9.860102 
9.86C082 

9.859062 
9.859842 

9.859721 

9.859601 
9.859480 


9.977*50 
9.977503 
9-977756 
9.978009 
9.978262 


XO.I39438 

10.139558 
10.139678 
10.139798 
10.139918 


?o.i6irt8 3« 
XO.: 62055 :. 
10.16,92s 2^ 
10.1617I9 Z' 
xo.i6i6q£ :< 




9.867051 
9.866035 
9.866819 
9.86«703 
9.866587 


9.963320 

9 963574 
9.963827 
9.964081 
9-964335 


10.1329^9 
10,133065 
10.133181 
10.133297 
10.133414 


10.169628 
10.16949, 
10,169354 
10. 1692 16 
10.169079 


9.978768 
9-979021 
9.979274 
9-9795*7 


10.140038 

to. 140T58 

10.140279 
10.140309 
10.140520 


io.i6ic23 2 
10.161390 XI 
XO.16115S 2 
XO.X61115 1 
10.16099. J 




9.866470 
9.866353 
9.866237 
9.866120 
9.866004^ 


9.964588 
9.964842 
9.965095 

9965349 
9.965602 


10.03541a 
10.035158 
10.034905 
to.034651 
10.034399 


10.133530 
10.133&7 
10.1337^3 
10.133880 
10.133997 


10.168942 
xo. 16880c 

I0.16S668 

io.i6«53> 
10.168394 

ic,i68»57 
io,i68ix, 

10 167848 
10,167712 

10.167575 
10.167439 
10.16730: 
10.167167 
10.167031 

10. ,6689 c 
10 166759 
10.166623 
10.Z66488 
10.166357 
10.16621; 

^ Secant. 


9.859360 
9.859239 
9.8^5119 

9.85S298 
9^58877 
9.858756 
9.858635 
9.858514 
9.858393 
9.858272 


9.979780 

9.980286 
9.980538 
9.980791 
9.98 T044 
9.981297 
9.981550 
9.981803 
9.98x056 

9.9823^ 
9.982562 
9.987 S 14 
9.983067 
9.983320 

9.983826 
9.98407^ 
9.98432T 
9.984,-84 
9.'/84837 


10.020220 
10.019967 
10.C19714 
10.019461 
10.019209 


10.140640 

XO. 140761 
10.140881 
10.141002 
to. 141 123 

10.141244 
10.141365 

XO.X4 486 
10.141607 
10.141728 


10.X60860 t. 
X0.16C71J » 
Io.i6o^q6 1 
10.160464 t 
10.1603^ I 


3 


9 87 
9 70 
9 53 
9. 36 

2: 19 

9. 02 

9 U 
9. 6l 
9. 50 

i: J3 


9.965855 
9.966109 

9.966869 


10.034144 
10.033891 
10.033638 
10.033384 
10.033131 


10.134113 
10.134230 
'0,134347 
10.134464 
10.134581 


10.018956 
10.0,8703 
10.018450 
10.018197 
10.0179*4 j 


IO.1602CC I 
IO.16006S I 
10.159936 1 
10.150^04 I 

XO.T 5967a 1 


I 

3 

: 
1 


9.967122 

9-967376 
9.967630 
9.967883 
9.968136 

9.968189 

9-968643 
9.968897 
9.969150 
9.969403 
9.969656 
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A Treble of Artificial Sines, Tangents and Secants. 
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PRACTICAL TREATISE 



ON 



S H I P-B U I L D I N a 



CHAP. L 

Generai Proportions for Building; 

NAVAL Architefture may be divided into three principal parts. 
I. To give the fliip fuch a figure or exterior form^ as may 
fait the fervice flie is defigned for. 
II. To find the true form of all the piepcs of timber that 
ihall be peceflary to compofe fuch a folid. 

HI. To make proper accommodations for guns, apimunition, provi- 
sions, and apartments for all the officers, and likewife for the cargo. 

We fliaH at prefent only treat of the firft of thefe, namely the exte- 
rior figure, and cdnfider it firft, as it regards the bottom, that is, the part 
ip^hich Kcs under water,, and may be called the quick- work j or fecondly. 
the pnrt which is above water, and may be called the dead- work. 

in order to give a proper figure to the bottom, all the qualities which 
are neceflaiy to make. a (hipanfwer the fervice for which (he is defign'd, 
Should be confidered, A (hip of war fhould carry her lower tier of guns 
four or five feet out of the water. A fliip for the merchants fervice 
ihould ftow the cargo well, and both of them fhould be made to go 
well, carry a good fail, fteer well, and lie too eafily in the fea. 

Some 
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2 General Proportions for Building. Chap, 1. 

Some eminent geometricians have endeavoured to find the form of a 
folid which may bed anfwer all thefe qualities^ and meet with the leaft 
refiftance in dividing, the fluid through which it is. to pafsj but have 
not been able to reduce their theory to practice by reafon of the different 
pofitions a (hip is obliged to be in when under fail. The (hip-builders 
defpairing to eftablifh this point by mathematical cules, hajve applied 
themfelves wholly to their own obfervations and experience, which may 
indeed fupply the deficiencies of art, but though they may thereby diA 
, cover that a (hip has feveral bad qualities, it will not be eafy to determine' 
where the fault lies ; for it may be owing to the rigging ;. and though 
the fault be not there, yet they cannot be certain in what particular part 
of the body it is. If their obfervations be aflifted by principles drawn 
from theory, it will conduce very much to attain their end. 

As there Lave been feveral fliips built which have fcemed to anfwer aB 
the fervices for which they have been defigned, fome builders have made 
it their principal ftudy to copy (hips which have gained the applaufe of 
the feamen. This method they very improperly call the principal rule 
which fhould* be obferved in buildnig.. Now,, as the bodies of fliips arc 
very different from one another, fo there are, by this means, as many dif- 
ferent methods ufed y fome chufing one, and fome another for a ftandard. 
But it muft be obferved,. that evcji though it were poflible to find fuch a 
body as (hould give intire fatisfadion, and have all the good qualities that 
fliould be nece(ury to anfwer the fervices propofcd, yet this could by no 
means be eftablifhed as a ftandard by which other (hips of dififerent di* 
menfions may be built For admitting we have a firft rate of loo gun», 
which by experience has been found to be a very good (hip in all re(pe(^s, 
yet we (hould find ourfelves very much deceived, if we (hould build a 
(hip of 20k guns by making all. the parts have the. (ame proportion toxme 
another that they have in that of loo guns. 

• The fipft thing to be done in order to lay down the dVaugJit of a (hip 
is to determine the length, which (hould be either on the lower gun ded4 
or at the load- water line j for there muft be great, care taken that there 
is a fuffident fpace betwuct the ports. This will oblige us fiirft to fix 
the number and dimenfions of the ports,^ the diftancc of the aftermoft 
port from, the tranfom, and of the foremoft from the (tem, and the dif-. 
tance betwixt the ports. This article may be determined by the foU 
lixwing;, tables :. 
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(3) 

A liable of the Number of Forts on each Side of a Ship^ 
according to the Number of Guns^ and the TVeight of 
the Shoti 
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Frigates of 20 Guns have 
10 Ports on each fide 
on one Deck. Shot 6 lb, 



Veflcl$ of 16 guns have 8 ports on one deck, the guns tocat'ry 4 lb. (hot. 
Ycffels^of 12 guns have 6 ports on one deck, the guns to carry 4 lb. ftiot. 



Digitized by vnOOQ IC 



(4) 

A Table .of the Dimenjions of the Ports and Height of their JSe^ ap- 
^cording to the Weight of the Shot. 
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.1 5 1 




4 


I 4 •! 


I 6 or, I 9 


<i 5 .J 
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A Tablejofthe Numher^ Dimenfions and D.iJiances^Betmxt theJBcrttm.i£r 
lower Deck ; alfo tbe\Di^ance betwixt theforemofi Port und the Stem^ 
betwixt the Aftmofi andtheSternpvJi. 



iiliips Wames. 
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7 6. 
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7 4 
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Achilles 


12 


2 8- 
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; 18 2 " 
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145 


Touloufe 


12 


2 8 


7 6 
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9 2 ! 
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Ardent, 64 giui» 


12 


2 8. 


7 6, 


17 - 


9 2 ; 
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12 


2 8 


7 8 


• 1.8 lO; 


lO 5 


145 8 - 


Dauphin Royal 74 guns 


13 


2 10 


7 7 


i8 2 ' 


10 


\i56 



Notej Antiihch Frsncb mcsSvax. is equal to t^\ utchEngB/bj and is (kidded into* 
twelve parts c$dled lines, which are divided into twelve parts,, called points. 

The next thing to be done is to eftabliih the breadth by the midihip* 
beam ; the builders are pretty mucb divided in proportioning this to the: 
length. Mofl of them conform to dimenfions taken from fhip& of tha 
iame biuthen, and deiigned for the fame fervice. 

After tbefe two dimenfions are determined, the depth of the hold muflf 
be fixed, which in moft fhips is half the breadth ; but. the form of the 
body (hould be confidered ; for a flat floor v^ill require lefs hold than a 
iharp one. The di/lanccs likewife between the decks muft be deter- 
mined The following table may be very ufeful towards afcertaining: 
dse thxeei afore&id. dimeniibj:)s^ 

Jt Tablir 
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JtTaBie of the Lengthy Bretfdtb, and Depth in Hold of the folWanng SBps^ 



Ships Names 


Gun3 


Lengdi at 
load-water 
.line 


Breadth 


Depth in 
the Hold 


t 


feet jn. 


f. in^ 


f. in. 


III 


74 ; 
64 


x$5 
165 
149 


43 
40 6 


20 6 

20 s 
«9 4- 


K^poiximee 


,30 


I20 


31 8 


'5 7 


Palme 


12 . 


85 


22 6 


K> 5 


Soleil Royal 


.80 : 


1^1 


48 


23 


Formidable 


.80 . 


lels 


44 10 


21 lO 


Tonnant 


80 ; 


46 


23 


Sceptre 


74 


165 


43 


20 6 


*Supfrbe 
Efperancc 


74 : 


1.53 •« 


42 .8, 


21 


7:4 


154 


,42 


21 


Magnifique 


V^ 


165 


43 ; 


20 6* 


Northumberland 


V 


149 


:4o . 


20 


.Lis 


64 


'49 


.40 


19 


iHercnle 


64 


149 


40 6 


19 4 


Protce 


^^4 


150 


40 6' 


>^9 4. 


.lUpftre 


64 


150 


■40 8 


20 


Opinatre 


64 


150 


40 4 


19 5^ 


Dragoa 


64 


149 


40 


>9 


Leopard 
St Laurent 


60 


146^ 
1.45 


39 6 
39 4v 


18 6 
18 8 


Amphioa 


50 


145 


39 


18 


Amazon 


44 


tr8 






.Brillant 


50 


»35 


35 




ArcTci^-Ciel 


50 


»35 


37 


17 9. 


Tigre 


5^ 


13* 


37 


»7 


Alcion 


5<:» 


132 


35 4 


1.8 


Aquiloa 


46 


127 


3+ , 


17 


Junon 
Favorite 


46 


136 


36 6 


16 & 


36 


127 


33 


14 


Anjg^efea 


32 


12 1 8 


33 6 


.16 


Serenne 


30 


>i8 


31 8 


15 ^ 


Emeraude 


?8 


118 


31 8 


le 


Galatee 


24 


110 


29 


14 6> 


Mutine 


24 


110 


29 


14 6- 


Cumberland 


24 


102 


26 


>3 


MarOial <Saxc 


22 


100 


27 


14 


Anemone. 


12, 


84 


22 


9^ 
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'Ships Names 



Chap. L 



Guns 


Length 


Breadth 




■feft - 


f. in. 


11 


8+ 


22 


64 


H3 


J8 4 


80 


172 


44 


74 


165 


45 


74 


167 


44 


64 


149 


40 6 


50 


144 


39 


26 


126 


33 8 


70 


»5i 


42 


26 


114 


31 8 


20 


108 


28 6 


6 


66 


18- 4 



Depth 



f. 


in. 


9 




18 




21 




22 


6 


22 


7 


20 


9 


»9 


6 


13 


8 



21 



Amarante 

Elizabeth 

Brave 

Floriflant 

Couronnc 

Hardi 

Aigle 

Hermione 

Jufte 

Triponne 

Panthere 

Badine . 



Wc may then proceed to fix the length of the keel, which will oblige 
us to determine the rake of the ftem and poft, for which the builders 
have given us no invariable rule, they being very much divided in their 
opinions j for where fome have given a rake of 18 or 20 feet, others 
have given none at all. The height of the ftem and wing-tranfom muft 
alfo be determined, which may be regulated by the decks. 

The difference betwixt the draught of water abaft and that afore, fhould 
Hkewife be confidered ; for though fome imagine that when a (hip is 
loaded her keel fhould be parallel to the furface of the water, yet in many 
cafes it will be found neceffary that the keel abaft fhould be deeper in the 
water than it is afore. This will give the rudder more power, and 
thereby contribute to make a fhip fteer well; but this difference of the 
draught of water isintirely arbitrary; for in large fhips fome have given 
five, whereas others have given but three, or even two feet of difference. 
Though I could not procure the true difference of the draught of water 
of many fhipsof war, yet I am affured that the following are pretty exad. 

The Difference of the Draught of Water in the following Ships. 





feet 


in. 




feet 


in. 


Northumberland 


I 


2 


Panthere 


I. 


4 


Augufte 


I 


6 


Couronnc 


2 


I 


Aloze 


I 


* 


Triponne 


2 




Hermione 


2 





Renommee 


I 


4 


Amazone 


I 


6 '- 


Tigre 


3 


2 


Badine 





10 


intrepide 


2 


3 


Palme 


I 


4 


Alcidc 


^ 
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The length of the wing tranfom muft alfo be determined \ fome make 
Jt 4 of thp main breadth; but this is likewife arbitrary, the broader a 
fliip is abaft, the more room there will be for accommodations for the 
officers J but this will be difadvantageous to her failing upon a wind. 

^be following Examples will be fufficient to fix the Length of the Wing 

tranfom for any Shipy 

For a (hip of no guns» ■?• of the main breadth, and 3 lines more tocvecy foot^, 
102 guns, 4 of the main breadth, and 8 inches more. 

82^ guns, 4 of ditto. 

74 guns, 7 inches, 9 lines for every foot in breadth; 

62 guns, 7 inches, 8 lines .for ditto. 

^6 guns, 7 inches, 7 lines,. 3 points for ditto. 

50 guns, 7 inches, 6 lines, 6 points for ditto. 

46 guns, 7 inches, 6 lines for ditto. 
♦ 32 gpns, 7 inches, 54: lines for ditto.. 
For a frigate of 22 guns,. 7 inches 4 lincs^ 

12 guns, 7 inches. 

Some, without regarding thefe proportions, make the wing tranfbms-^ 
of the firft and fecond rates two thirds of the breadth, and for all the reft 
one foot left. 

After thefe dimenfibns are determined,, the timbers may Be eonfidered 
which form the fides of the fhip. A frame of timbers is compofed o£ 
one floor timber,, two or three futtocks and a top timber on each fide :. 
All thefe being united together, and fecured by crofs-bars, form a circular, 
ihclofure„ that which inclofes the greateft fpace is called the midfhip- 
frame : The curve of this frame is inverted at the lower part, fo that: 
the floor timber will be fomewhat hollow in the middle, whereby the. 
ends wilFform a very obtufe angle; but this angle decreafes the farther 
the frames are removed from the midihips, in fuch a manner, that the: 
fbremoft and aftermoftf will become very fliarp,. and form a. very acute: 
angle, Thefe floor timbers are called crutches. 

The builders feem. to agree nearly as to the length of the mid (hip floor- 
tfmber, making it generally half the length of the main beam ;. but they 
diflFer very much about the rifing of it, fome chufihg a flat and others a, 
iharp floor. And if we confider the advantages and difadvantagcs that 
attend the one and the other, we (hall not be much furprized.to find 
them fo much divided upon this article ; for it is certain,. the more ri- 
fing a fhip has, (he will hold the better wind, but then this will occafion* 
her to draw more water, which will be fometimes attended with very/ 
great inconveniencies*. 

j£ TdbU: 
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Guns 
no 

I02 

86 

74 

62 



f. 
o 
o 
o 
o 
o 



A Table of tie rifmg of the Midfhip Fltwr 7imffers. 

Giiris f. in, lines 

\ B^ ' <^ i 4 

32 014 I to every fcxrt 

i 28 or 4 f ill lertgth. 

i2 016 

16 016 



m. 
o 
o 
I 

1 
I 



lines ^ 

10 I 

io\: {j,o every foot 

6 

o 



I 

J 



in length. 



Note, What we have here rendered the rifing of the floor timbers ^ the 
author calls the Aculement, and niakes a difiinSHon betivixt it and the 
rifmgy which we (hall fee when we come to form the frames^ 

They differ as much in determining the ftation of the thidfliip fr amc, 
fome placing it before, others at the middle of the fhip 5 others again 
have two floor timbers of equal length, and riling, one of which is placed 
exadly in the middle, or the breadth of the timhfer before the middle, 
and the other at a proper diftance before it. Thofe who place it before 
alledge that if a fliip is full forward, after fhc has once opened a column 
of water, fhe will afterwards meet with no refinance, and the water will 
eafily unite abaft, aiid by that means force the (hip a-head, and have, 
more power on the rudder the farther it is from the centre of gravity ; 
and befides this comes neafeft the form of fi{hes, which fliould fecna to 
be the moft advantageous for dividing fluids, 

Thofe who wouldnave it placed in midftiips fay, that by that means 
the water-lines forward will be eafier, arid of confequehcc properer for 
dividing fluids; and that there will be fpace enough betwixt it and the 
rudder for forming very fair >Vater-liries, fo that the water will qafily 
unite alt the rudder \ aind b'elides it will be eafier by this means to ba- 
lance the fore body arid after body ; and in general the building will by 
thts means be very totfcti facilitated : fo that, in my opinion, it will bic 
propeieft to place it Vei-y near the middle, though It is the general 
pradice to place it before it. 

After the rifing of the mldfliip floor tiniberr is determined, we may 
tKett proceed to fix the height of the rifing Hne of the floor abk'ft oa 
the poll:, arid afore upori the ftem. 

Nov^, as all fhips afe harrovsfer abaft and afore, than in midfliips^ the 
other flodr tiriibers will of cohfequence be fliorter and have a greater ri- 
fing, which vrlil be ftill increlifing till it ends on the jpoft and item. 
There are feveral different methods ufed by the builders to .fettle the 
hciglit of this line. Some imagine, that by narrowing the floor abaft, 
which will occafion the rifing line to be high upon the poft, the ihip 

win 
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will thereby fteer better, and befides, the water which k opened by the 
midfhip frame will then Jbave a greater preffure upon the after part of 
the fhip, and thereby coiiiributc to her failing : Yet thefe arguments are 
of very little weight j for if we only confider the fteerage, it is certain, 
.*Jiat the highti" tbc rifing line js c«irrk4 sti^fi:, ajid^He narmwjec a flwp i§» 
•the water will have the ^afierpa^aj^ and more power upon the rudder. 
But then we fhall thereby rtn the rinc of falling into two great inconve- 
nicnciies I for by thi$ iTi^ns wp ta^e away ^e bottock^ w^ich as the 
only thing we have to fupport all the weight of the after part of 
the fhip ; neither (hall wfe be ^We to give a proper balance betwixt 
the fore ai)d ^ftar pa^t, ^nd when the fore <ind after parts are not 
duly balanced, it wijl occafiQn a fhip to pitch very hard, and be in dan- 
ger of being frequently pooped by the fea vfficn it.rjiqs l^^gh. To prevent 
thefe inconveniencies it will be proper to give all (hips, efpecially the 
Jarge fort, a full buttock. As to the height of the rifing line afore, it 
ihould be determined by the form of the water lines ^ but before this can 
be done, the timbers muft be formed. 

Note, Ji^bat we have rendered the rijihg line of the Jloor^ our author calk 
4es fajons, which, be fays, is the invreafe of the acculement, tbe extreme 
points (^ which upon tbe perpendicular of ibe Jiem and poji^ 0re ^now to 
ie determined. 

The height of the lower deck is the next thing to be confideced : It is 
determined in midfhips by the depth of the hold* and fome builders make 
it no higher at the fiem 5 but they raife it gbaft more than it is in mid'- 
ihips, as much as the load- water mark abaft exceeds that afore. As to 
the height betwixt decks, it is altogether arbitrary, and mufl be deter- 
mined by the rate of the fhip, and the fervicc that fhe is defigned for. 

We come now to confider the upper works, or all tbat is ab^v^jvajer, 
-called the dead-work : And here the fliip muft be narrower, fo that all 
the weight that lies above the load- water line will thereby be brought 
mearer the cniddle of tbe fhip ; by which ime^ns fhe will Arain iefs by 
•working the guns, and the main fail will be eaiier t^ioHiieil when tbe 
fhrouds do not fpread.fo much. £ttf (hough thefe 44TAntfi(^€$ .are gaiB^ 
by narrowing a fhip above water, great care mufi be taken not to narrow 
her too mucn, for there mufl be fuffieient room upon the upper deck for 
;die guns to recoiL Tlie fecmtitiy of the ntafb (hqilld' like wife bcconfi- 
<]ered, which requires fufficient breadth to fpii^^d th9 fhroadsj though this 
may be afiifted by enlarging the breadth of the channels^ 

C CHAP. 
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CHAR ii. 

Of the Scantlings and Dimenfions of the principal Pieces of 

Timber in a ^bip. 

A LT HOUGH it is not my intention, as I obfcrved in the bcgin- 
jr\ ning of the laft chapter, to treat of all the pieces that compofe the 
Ihip, yet I think it neceilary to fay fomething of the principal pieces. 
I (hall therefore in the following plate lay down : each piece, by itfelf, by 
which means we (hall fee the length of the fcarphs, and in what manner 
they are to be joined together. 

Explanation of Plate I. 
...... . . . . I. . . '..-,• 

A. The keel in four pieces, to be well bolted together, and clinched* 

. II. 

I. The fore foot, one end of which is fcarphed to the fore end of the 
keel, of which it is a part, and the other end makes a part of the fiern, 
to which it is fcarphed. 

III. . 

u u. Two pieces of dead wood, one afore and the other abaft, fayed 
upon the keel. 

C C. The ftem in two pieces, to be fcarphed together. 

V. . . ^ 

' E E. The apron in two pieces, to be fcarphed together, and fayed on 
the infide of the ftem, to fupportthe fcarph of the ftem; for. which pur- 
pofe the fcarph of the apron muft be clear from that of the ftem. 

; : • • VI. , . . 

0. The ftemfon in two pieces, to fapport the fcarph: of the aproa 
• 0. The felfc poft, which is fayed to the fore part of the poft. 

VIL. . 
- B. The ftem poft : It is tenanted into the keel, to which it is Mened 
with a knee. D* The 
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VIII. 
D* The back of the poft, which is likewife tenanted into the keel and 
well bolted to thepoft; the defign of it is to give fufRcient breadth to 
the p6ft, which feldom can be got broad enough in one piece, 

IX. 
F. The knee which fafteneth the pofl to the keeL 

X. 

N. The wing tranfom. It is fayed acrofs the ftern poft, and bolted 
to the Head of it : The fafhion pieces are faftened to the ends of it; un*- 
derneath this and parallel to it is the deck tranfom. 

XL 

O 9. Two tranfoms faftened to the ftem poft and fafhion pieces, in 
the faixie manner as the wing tranfom. 

XII. 
P. The tranfom knee, which fafteneth it to the fhip's fide. 

XIII. 

Q, The fafhion piece, of which Chere is one on each fide : Their heels 
are faftened to the ftern poft at the height of the floor ribbands, and their 
heads are faftened to the wing tranfom. 

XIV. 
T. A floor timber. ^ It is laid acrofs the keel, to which it it faftened 
by a bolt through the middle. 

K. The lower fiittock, 

XVI. 
T T T T T. 2d, 3d, 4th futtbcks and top timbers. Thcfc flww 
the proper length and fcarph of the timbers in mtdfhips frame. 

XVII. 

U U. Ri(iers. Thefc are feyeid in the infide of the fliip> and confift 
of floor and futtock riderst 

C a 2. The 
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XVIIL 

Z. Thfc keelfon. TWs ii madb of twro q^ throe large* pieced ef timber 
fcarphed together in the fanM manner as the keeU Iris pliced over Ae 
middle of the floor timWiSy-and fctoed abbot an inckaAd a hal£ doWA; 
upon each of them. 

R, S. Brcaft-^hooks. Thefe are fayed in the infide to the ftem, and to* 
the bow on each fide of it,, to which they arc fattened with proper bolts. 
*rhcre are gcnemlly ib\xt or five ih the jform of R in the hold, one in 
the forta of * into \frhieh the Ibwdr deck jtlarifes ^re rabbited ; there is 
one right under the haV^fe holes, add mdihtt fafadbr? tike fccottd deck. 

X> Y, 2i ttrt thidk pfenks which are feycd in ttte iwflde,.and Atttchi 
fore and aft to ftrengthen the fcarpHthgs of the timbers- 

XXL. 

Z. are diick j^anks in the infide^cailed clamps^- which fapport the. 
ends^of the beams* 

XXIl. 
15, 15, 15^ 15, 15, are the Wales-. They are planks Bwadtrandthicketr 
than the reft,, wiiich are fattened to the outfide of the {hop in the wake 
of the decks. We fhall have occafion in another place to fhow how 
they are laid down in a draught. As to the plank below the wale to the. 
ksel, and above it to the top of the fide, we refer to the fefticm of on«: 
half of the midttiip frame,, as laid down in the plate*. 

xxm. 

dydy dy dy dy dy dy are knees. Thefe are crooked pieces of timber cdn^- 
fitting of two arms which form an angle, either within or without a^ 
fquare, or exadly fquare; their ufe is to. faiften any two gteoes together^ 
te^t^ms to the &h^ fides. 

xxiv; 

1 9. The rudder. This is joined to the ftern poft by the rodder iiond^ 
topoA wfakh it ti^ms round rn the googings which are flattened upon the 
item pott for that purpofe. There is a mortife Cut out of the head of 
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k, into which a long bar is fitted, called the tiller, by which the rud- 
der is turned fi:om one fule to the other. 

xxvr. 

23. The cat heads. Theffe are two large pieces of fquare timber, one 
Gti each fide of the bowfprit. They projeft out before the bow, in order 
to keep the anchor clear of the fhip, which is hove up by a rope called 
the cat fall>. that pafles through fhivers in the outer end of the cat-hcadr 
Their inner ends are ^ftened upon the forecaflle* 

XXVI. 

«% niy iyiyiy Bcc thc ftvcral pieces which conjpofe the knee of the headj 
the lower par^ m is fayed to the ftem, the heel of it is fcarphed to the: 
head of the ^tdoot ; it is feften*d to the bows by two knees called 
cheeks, in the £aaxi oS fr and to the ilem by a knee call'd a ftandard^ 
in the forox of K.. 

xxvn. 

Beams dc^ a^ X Y,. aze lange pieces of timber which, iupport the 
pknks of each deck. 

Having thus explained all the pieces in the pJate^ wejball in the fsJlowinj^ 
table give their fcant lings* 
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CHAR III. 

^ Method to lay down a 70 Gun Ship upon the Plane of 

Elevation. 

rH E Dimcnfions we have given of the principal parts of a (hip 
of each clafs colledted from the: pradice of different builders, 
rhich many h^ve fo great a regard to, as not to vary fronv them in the 
linuteft article, we think only to be fo far obferved, as they fhall produce 
jch a form as the fervice the (hip is defigned for, (hall require, agreeable 
) mathematical principles. . , 

We fliall now illuftrate what has been laid on that head by drawings a 
lip from thele dimenfions. But it will be firft neceffary to obferye, that 
le builders make ufe of three different planes for one fhip ^ iff, the plane 
t elevation, in which the whole length is laid down accordi g to a fide 
iew; 2d, The plane of the projeSion, which fome call a vertical plane 
f the timbers, oecaufe it gives us an end view of the form of all the 
mbers, before the plank is put -on. 3d, The horizontal plane, upon 
^hich are defctlbed all the curves that are formed by fcdions of the bo- 
y parallel to the horizon, which miift be confidered as well as thofe 
ertical fcdtions which form the curves of the timbers. We may likewife 
)rm the curves of the ribbands upon this plane, which will be of great 
fe in proving whether the form we give the- timbers, will. produce a 
lir fide. 

It is indifferent with which of thefe we begin, though that of the 
levation feems moft commodious. But firft of all it will be very proper 
-) draw out a lift of all the dimenfions of the veffel we are. to build, >fo 
lat we may have a view of the whole defign. 

This fhip then is to have two tier of guns, fo therg muft be two decks 
uite fore and aft, likewife a quarter deck as far as th^ maia m^ft, a fore- 
iflle 33 feet long, and a poop to the niizen maft. 

There are to be 1 3 ports of a fide on the lower deck, the guns to cany 
4 lb. (hot; 14 ports on each fide upon the upper deck, , the guns . to 
arry 1 8 lb fhot j on the quarter deck 4 guns, and on the forccaftle 2. guns 
f 8 lb. fhot on each fide, and 2 of 4 lb. on each fide on the poop. 

\\ Pfi>rts 



Digitized by vnOOQ IC 



i6 Of the Plant tfWevathtu Chap.IIL 

icct in. L 

Ports on the lower deck fore and aft 2 1 o 

Diftance betwixt the ports 7 9 

Aftcrmoft port from the poft — — ■■ 9 3 

Foremoft from the ftem — -^— — — -* 17 2 

Height of the fells, including the lowet" xJetk pladks 2 ^ 

Ports up and dow^ on the lower deck ■— 2 7 

Diftance from the upper fide of the lower deck beam to the 7 , 

upper fide of the upper deck beams j * * 

P ifing of the fccond d«ck abaft ■ — • 1 1 

Second deck ports up and down -> ■ - — — 2, 4 

Second deck ports fore and aft > - .— . 2 6 

Height of the fells from the deck line — ^ 1 11 6 

Diftance betwixt the fecond deck and quarter deck from 7 , -. 

plank ^o plank \ 

Quarter deck ports up and down ■ — i 10 

Quarter deck ports ibre and aft — — • 2 

Height of the fells -^ •-'— i 4 

Diftance betwixt the quarter deck and poop — — » 6 2 

Ports on the poop fore and aft — -* i 10 

Height of the fells — ' — — — 1 o 

Length from rabbit to rabbit on the gun deck ••— 1 1^6 j 
Extreftie breadth • — • — • — — -^ 42 

Depth in the hold below the plank — * — .. 21 00 

Kifing of the lower deck abaft, not including the difierencc l . 

of the draught of water 3 ^ " ^ 

Height of the ftem ■ ■ 31 93 

Height of the poft > " ■ ■ ' ■ ' 31 7 9 

Rake of the ftem -— ■ •— — i y 7 a 

Rake oi the poft ■■ * ■ " ■ ■ ' ' ' — 3 15 

Length by the keel ■ -^-^-^ ■■■ ■ • 139 6 id 
Depth of the keel ■■ ■ . '■ " ■ " ' ' ^73 
^Length of the wing tranfom ■ ■' ' ■■ ■ ■ ' ■ ■ 27 
Length of the midftiip floor timber ■ 2 1 

Rifing of ditto '■■■ ~^— ■ ■ " i 9 

Difference of the draught of watdr abaft more than afore 3 20 

Height of the rifing line of the floor abaft — — 13 6 e 

Height of the rifing Kne of the floor afore ■ " ■ 5 7 S 

I would ad^'ife young beginners in the art of drawing to conform 
exactly to thefe dimenfions, which we have here given for an example, 

and 



Digitized by.vnOOQlC 



Chap,JII. Of.Ae.I'.ldneif.E^athru vj 

4lmi;oJ)fcfri5 •U/he'ptrtiMlai'dircdions vfbitb we. jttiajl ]^vc m laying 
^wn aj^lhiti of jT©'! funs; for doty fltiift bcgm by. making thcmfclvrg. 
acq^»sinl?:dwjthithc tbifiDs^ add.thotby gain'.« gener^ idca-cjfithc ^h(M 
flcfigrt. Aftci fiqift»ing?this draught, .they may tben proceed to another 
«£ ^ difiSifent ¥at«, and as vte )l«ve<-gt7^fi th^ princif^l.dimcfirionrof ^ 
Veral good ihipsj they mdy icftufe .(bch a Otio u» >^11 bejft aoCwer their 
•Qfllign; :' 

Plate II. Fig L] ift. Provide a fcalc of equal parts properly diviclcd into 
^^tapd inches, ^daptcxi-tcrthc inteiid^dvttiiigrh: of'thf draughc;^d.dra\v 
the line ^A^, Which make 156 feet 3' inches for the length oi' the^guti 
deck, from the f a*bbit of the- ftem to that of the poft. : • ■ 

,To find the- leiSgth oa the gun dtck, miiltiply 13, the") f. ia. 1. 
Quinbdt- pf p6it», by .3 t io iei the diinoB(i<»ls 9& leath yott \i6 10 o 
fcre and.ift,thc prpdadis • • '•' = •.•>^. .-^ J- 
Agaih limltiply'T'f. -9 ift^ the difiance betwixt dic ports, by 7 
" I a, the 'number bf fpaees, die produd is- '• >^^ , ,® 

Aftnioil'port before the jtoft .• ' ' P 3 o 

Foran^ft abift ;the ften* ' ' 17 a o 

licngth ' OA' the 'guri deck . Ljd ... 5 ... o 

adly^-pfkw¥fic1ftc CD eqaal andpatatlel to AB, let n fict, tliehalf 
^•tfie makiKeadtfi.' be'thc?«fbtiie'betWirf«i<fH aftM creaihc'iferi^ 

" "jfdfjrl'Scfoff" 3 feet a inches,tbedifferenccofthedraughtof water, fiom 
:B ttJ Q-tcffil dta^V thi^'aiib'>^fe,"-Mf6h i^il!'=gWe'tfi6'TO{M6h^ tlie 
i8wtr'Wd«^f'«ie IciefdH •^Worif'K"fce'6«'- 1 ^^7 irtchcs 3Mc^>tHe depA 
of the keej, as in the .table of icantlings, to K, and draw theline'K't pa> 
raUelto AG/wWch^ffl1tetb<?'AjrtJerB<k.ofmkeeL-' » • •' '• - ■ ^ 
' 4th'ly;HSet<btt"t feoi! 34rtchfes''5 ltoes,'khc'brcadtfi of the ftem from G 
«a'M,«na,.aiaw ttie'adtfea'Tm<;'M'N' paifaia tb GX;-F?oM <3'ftt off 
YS ft« 1 te«^»iirna?tht ik#Df tfle flftni"tD'a •• •' '^ ' ^ - "I 
^' lytlily,^ Sei tip^lteyinchisilmcl.lth^'hdeht of the flcm from 
G to P. With the^radius t ? defttibe th^ ilictt P 6, wbidi Vdl bt tftc 
iyre^dc'6'P ffle'ftciif/ 'and froA'^He'^finfc.'dinVci''del2rfbe Another arch 
witlirtf fW^^;t^lch'W!Ugirc'fte^iiaftji?'o^ a^ ^6ther 

«^h for thq rabbit fflaV't^.a^^ba' "Tc^ iikbe^ bcffdr^^^^ 

the TOini '"^ ..Pw'iU > '^o ./111 n.^cl v:.. :oJq Jj ;n or;: .'ji ;..;:J t> ., 

y, Set up' a J feet 1 inch, froni K to L for the height <S the eun 
atiaft,'%d aJ^ifct (f %A(&'i^^rdyr, fe»f ItHe he^fff aW . - .'^^ 
dy, Set up a feet 5 inches, the height of the port-fella i^om L to d^ 
ich will give the upper fide of the wing tranibm j fi:om which iet up 

D ft teet 
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i8 Of the Ptane of ElevatiM. Chap^ III. 

a feet 7 inches, the height of the ports ; alfo i foot fojf the depth, and 
6 inches 9 lines for thej round of the helm port tranfooD, to tjic point F, 
which will be the height of the poftj fo KF will be 31 feet 7 inches 
^ lines. From K fet oflf 3 feet i inch 5 lines to f^ for the rafcc of 
the poft, and draw the line F/for the aft fide of the poft. From /to 
^ let off the depth of the keel, and draw the line ^^ for the fore fidfc of 
the poft, making F ^ 4r of fb^ fo ihall /O be the whole length rf 
the keel. 

The builders are very much divided about dligning a proper place fer 
the midfliip frame, for which the following method may beufed: 

Divide the line CD into two equal parts, then take 5 feet 6 inches 
10 lines, that is -iV part of 156 feet 3 inches, the length of the gun 
deck : Set off this before the middle of the line C D, which will give 
the point F the ftation of the midfliip frame. Set up a i feet from F to 
Z, which will give the height of the gun deck at the midfliip frame. 
From the point Z fet off % feet 7 inches 6 lines (the 4 of the height of 
the gun deck at the midfliip frame,) through which point draw a line VT, 
parallel to G D, which will be the load-water line. Through the point F 
draw the line G^, parallel and equal to the load*watcr lioe^ which will 
ihew how much water the ihip will draw abaft aiore than aforc* 

One of the frames is placed pretty near the chefi tree, which is called 
the loof frame \ to find its place, firom the point of D let off ^ of the line 
D C, and there draw a dotted line perpendicular to A B. Again divide 
the line FG into nine equal parts, and draw eight lines perpendicular to 
A B, which will fiation eight frames in the fore-body befides that of 
the loofl 

There is in the after-body a frame to balance that of the loof in the 
fore-body ; thele two are of equal breadth in fbme points, and this will 
occafion the center of gravity of that part contained betwixt thefc two 
frames to be near the plane of the midfliip frane, which will keep the 
fore part and' after part upon a balance. It muft be as £ir abatt the 
middle of the line CD as that of the loof is before it 

The frames in the after-body are the fame diftance fircmi one another 
as they are in the fore, .which will occafion one more abj^t than before; 
fo there are nine abaft, befides that of the balance^ .. j • 

We ihaU in the next place lay down the deck lines, and firfl for the 
lower deck draw a fairxurve tbroogh the points X. Z^^ apd parallel to it 
draw another curve for the port^feUs, which ase a ktt 5 inches above 
the deck Unci 
. . - ./ ••- \: ' * The 
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CftA?- Ill Of tbi PAw^ pf EleHMtim. if 

The aftcnrtof^ port i* $ feet 3 inches before thepoft, which (ct off to u^ 
aodi;^ pom arp a ieet 10 incbea fore and aft ; which fet oft from utooc^ 
the diftence betwixt the port* is 7 feet p inches, which fet off from A^to Y 
for the aft fide of the iecond port; from Y again let off a feet 10 inches, 
which wftt give the fprefide of the lo^xt. Proceed in the fame manner 
till all the ports are* fpacedi lb fl^all, the forcmDft port be 17 feet a 
inches abiftthe ral^iC of the Item. The height of the ports is 1 ktt 
7 inches ; .which iet up from u^ draw a curve parallel to the deck line, 
which will give the Upper part of all .the ports ; after which theie two 
lines may be wiped :off the draught, which muft be therefore drawn with 
a black lead pencil, aod only the ports iqkcd in. 

Draw a line for the upqper deck, which is 6 feet 1 1 inches above the 
lower from the midibip frame forward, and 6 inches more abaft. We may 
then draw a line for the port-fells, and cme for their height parallel to the 
deck line, and (pace the ports fo that they may be eicaoly over the mid- 
dle of the diftance betwixt the lower deck ports. 

Before we can ^ off the height of the Q^rte^ deck we muff find the 
true place of the main maft. The. general rule is to take 4 lines for 
every foot the gun deck is in length, and &t it off abaft the middle^ 
which will give the fore fide of the maft: now the length is^ feet 3 inches 
X 4 lines s=s 6151=4 feet 2 inches i line, which let off abaft the mid- 
dle- of the line G D, and there ered a line perpendicular to the water-*linr, 
which will be the fore fide of the maft', and parallel to it draw a line for 
the middle, and one for the aft fide of the. maft, the diameter of which is 
^S inches. Set off 6 feet 6 inches on the aft fide of the main maft, for 
the hdght of the quarter deck afore, and 6 feet 10 inches for the height 
abaft i and draw a line nearly parallel .to that of the upper deck, which 
will be the line for the quarter deck. We may then fpace the ports, 
fo that they may be cyadly over thofc of the lower deck. The forccafUe 
is 6 feet 6 inches high, at which diftance draw a line parallel to the up- 
per deck line, which will give the line for the forecaftle deck. As to 
the length of this deck, it ends forward at the beak head, and is carried 
aft diicretionally, obferving to leave room for the capfian bars. In ipa- 
cing the ports upon the forecaftle, care muft be taken that none be op- 
poute to the fore maft. Now to find the center of this mafl^ take 15 ftet 
7 inches 2 lines^ the tenth part of the whole length, which let off fiom 
the rabbit of the ftem upon the lower deck abaft, firom which point fet off 
32 inches and i line, being the diameter of the maft, through the middle 
pf this draw a perpendicular line, as in the plate. The t^ltfprit gene« 
rally makes an angle of 34 or ^s degrees with the load-water Ime. 

Da The 
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zo Of the PJoHi ef Bb^Mt^. CkJBf^. lit 

The poop' Sspfttty neiarparalltitbtheqiiar^ the difltfice be- 

twixt them forward is 6 feet, an abaft 6 feet 3 iaehea.. I^ cQch about 
18 inches before the mittfi mail^ the alt' fide of which is 4 of tlul' main 
breadth before the rabbit of the poft u|)bii the gQa dedL 

The comter ia generally an arch ^iBn%^mn the i^ppes Bi& oF (he 
wfng<*tcan£)mto the lower ikk of beam ^.the fecoix) declcl The 
rake of the lower counter Ib- i of m inch for twif foot of the main 
breadth. The rake of the iecoiid counter is 4 of the lower ^ its heigte 
above the deck is 3 feet 5 icidies«. The hoUow of the coantem is altbge- 
ther arbtCrary^ in(bmuch that feme gi?e none; to the lower* The upli|ht 
of the ftern cakes a inches 'ftijafooe/as-iti ^ p&Mw t / -. ^ ' 

The l>eattty;of iA !hip^deptoads nuictv u|iboJ[iVin^ ^"proper 

banging^ for- by them thle fl^er^aold dfift lails^ are fcg&lat»t/ beilig 
nearly parallel to one another, though they g^erally rife a little- ihofe 
-abaft --on accoant'<ff i!he.aecommddkitions^fof thb officers, dt is'^this: 
which, makes a f^ip^ look airy and graccftil ia the water. -There is no 
^rtain rule for '4ayir^'thcnijdown;- this ia left cfntirely to4hc fency" and 
ta'fteofthearttn:^ bat ki ^laein^.tbe wafca^reat caremufl: be talteo that 
4hcy be wounded ar little as podibk.by the ports ; the forembft port 6ft 
the giin deck.muft be i4 or ainches abbv^ and the third pbrt fron^ 
-abaft juft toifeh theirpper Ikle of the upper ftrake of the main wales^ 
The lower edge of the lower flrake may glance with the cd^ of the wa-- 
ter when loaded. There are, twoftrakcs of wdcs, and one ftralce betweeti 
them of 13 inches broad/ each. The-rangeof the deck itiould be con(i- 
dercd in placing the walea, ib that the fcuppers may be in the pirate 
betwixt the wales. The like cautioa muftbeniled fer the chahhel wales- 
as may befeen in the plate, where they are all laid down, together \fiih 
the ihee^ and drift rails ; the rails^ cheeks,- and knee of the feasid a#e like- 
wife laid down in the plate^ ani being formal) ornamcnfvto the ftiif),* are 
lieft to the 6ncy and tafleof the buildcn Thoiij^h the knee may heljp i 
•fcip to hold a good wind, the fore part of it is genexalLy one Cwelfift 
fart of the length befi)re the flcik. 
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e ft A p: iv: 

iH ie^ domit tie frames^ npmt the Pianerof TrdjtSfim. 

Tl^'Avivl.ti' thurejephwea aetfaae is i«eoeflary to be. dilimatcxi 
JjTupon the plane of election, the next thing to be determined is 
chemlBferent breadths* of tne Imp it arfy aflighfei points of the lengthy 
WRereD^ Wtf flJifPgMl t«ii^ ib«M» of all^tl^ })^^ that attt ft^ bjr fee- 
tSf^^ per^odiculiKr ftxxtild iopid-^wMit: Uoe» .TKe timbii^ tfiati 69mpoic' 
the body of a' ihtp.aro flipfoie^rtO'llaveHlei^ that pofitions add 

wmf lie.aadcfii)ektedi3poh'thdpianec^thept6jk;dioti^ but' as bbtH fides; 
Df a fliip9rdeica(ily the falncfit'Will' ^sS&c^ to^ h^dcr^ the half of 
«chi thoit rf;fie f(>re-body ofr the ri^t, and thofc of the aftef^-body oft. 
thjr.kft I&Qd.\ ABd'wticr^ iliefe pteries^ difhimih afqrd aind aft,^ the 
planes of all the frames may be all delineated itpon^ r^^ plane 6f th« rhid-^ 
ihip Ofie^ Which . inafy be (raUdd- the ibaOer fntanel Tlie firft thing them 
necdBTaty to be fcn6wn is hbW ta IbrsTtUs-fraAiel 
. .Thb mid^ihip intmc h that wMcb i« at t!be bteofleftpaskof the lhi]fe 
ITiclmiidets dlffef about the foit» of ^s- frame^bat there are federal 
frfetiaiibat:y t>perai;ion^ whteb ate beoeiEucy ta'be obftrvM ia all the di^- 
•ferent cnethftda oledr ict iofiii&^ it* 

\, ,:?^'^J^f ^i-I-^ir.J f^ Draw, tlie line A B toreprefent the upper fidfe- 
^tHe Keel ^ it muft be a^^tttil aslbh^^ as the ihip is broad.. This line our 
. author calls the I^Tito^ ofkUmenty bec^uiie upon k'the aaulemeat<^thc 
nil^l^ip fibor tim)ber,tern^ina^^^^ 

jj.,ialy^ Draw tHc li»e GD* pariUrel^^^ ccttral to A B*^ lothat AC and* 
B R.may be equ^ tothc rru^^ flow timbers This litic 

iw?y!.%J^r^ .the riluiii Ifiie, hec^^jk fimits the hcigjit o^^ ends qf * 
the mi^i^p floor ttmber aooVe the tcci 

^df^Draw the \iap Q H For the he^Ht of the lower ^ecfe parallel ia^ 
tlic fohnciy apH ficlow this draw a line to icpteient the load-water line^ 
kking Its dirouicejbe^w the deck line ff^6m the pltoe of delation at the 
'midfhip^tnme. P%w a^^ lines tt^ and JL Mi,, the one- for the ft^^ 
c^d dccK^ and tncblfficrtor TO^ or top of Dhe (Ide irt.ipidlhlps* 

The height of l^oith fiCita be taken, from the plane o£elevat«>iv 
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2 2 Of the Flam ^ Proje&itm. Chap. IV. 

4thlyy Draw the line N O perpendicular to A B ; this is called the 
middle Une^ and reprelents the middle line of the ftem and poft, dividing 
the whole fhip into two equal, parts; and parallel to NO draw the 
lines A L and B M^ to Ihdit the breadth C alio i[ line for half the thicknefi 
of the fteiOy and one for half the thickneis of the j)oiL Praw the lines 
2:x'paraltel to NO, dtriding tfie lindi OA^aiid O'B^intb two-^equal 
parts. Draw alio the diagonal G B. The£e lines being drawn^ we may 
proceed to form the midflhip fhune by fame of the follovnng kicttibds.^ 

METHOD I. 

To form a Midjbip Frame tbafball ke neither f^e-Jbarf near twflat., 

Plate IlL Fig. L] i ft^ Divide the line a x, Which marks the head of the 
.floor timber into three equal parts; &t off one from atok 

id. Divide the line J By the diftance betwixt the load-water line and 
the upper fide of the keel, into ieven equal parts ; iet off one xsf thele 
from a to Cy and from e to m^ and draw the diagonal a V, which divide 
into two equal parts in the point n. Note^ the diagenaL^ uV is w^ed 
out after finding the po'mt ar, 

3d. Defcribe 4ui arch of a drde to pais through the points k and e^ 
make the radius the whole length and half the length of the line B^, £> 
the center A may be found by defcribing anarch with that radius from e^ 
and one from b to interfed one another, in A, we ihaO only make uie 
of that, pait of this arch4)etwixt /and 19. Now, to find the other 
arches mdy la^ any nVy it muft be obiervcd, diat in order to fecon*- 
cile two arches, fo as to make a fair curve, a ftrait line muft paft through 
the centers of both, and through the points where they unite or touch 
one another ; draw therefore the lines A m and A /, fi> fliall i be the 
center of the arch nfdy and the center of the arch la. Again through 
the centers draw the line a Oy produce ittoP, which will be the center of 
the arch a n. Laftly, from P thro* n draw the line P x, x will be the center 
of the inverted arch n V. Notfy the center s will be witbont the Tlate. 

4th. To form the top timber £et back the tenth part of the half 
breadth from K to S, upon the line of the iecond deck; defcribe a|i arch 
of a circle thro' the points ^and K, taking 4 of the whole breadth fox the 
radius : Again^ from the point M, upon the line LM^ fet back the fifth part 
of the whole breadth to^. Dcicribe an arch of^a circle through the 
points S and L taking the diagonal G B for the radius. As this arch is 
inverted in refpeft of^the arch ^S, the center will be without the figure; 
This compleats the form of half the midfhip firame, and by the fiune ope^ 
rations we may find the other half. 

It mufl be obferved that there is no regard had to the round of the 
.licam in ictting off the deck line or depth of the hold M £* 
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Caap. IV. Of the Plane of PryeSim. 23 

METHOD It 

To difcribe a Midjhif Frame of a csrctdan Ftoor^ 

PlaiiUL /iff. II.] From the center G, the point where the middle line 
interfcds the deck line, making the half breadth the radius dcfcribe the 
arch by G, c, O : Let d be the l^ad of the io©r timber, and dx the rifing. 

^ Afllime the point j^ according to what round you propofc to give to t& 

iecond futtock^and defcribe the arch dfy the center may be teund as di- 
reded in the preceding method. Divide the arch cO into three equal 
parts ; fet off one from c togy and from the center A; dcfcribe the arch 
dg : there remains only the inverted arch ^ Y to be defcribcd ; the center 

I may be found as before dircded. 

METHOD IIL 

to 

' To draw a Mid/h'^ Frame which Jball be veryfulL 

^ Plati in. Fig. m.] I ft. Draw the rifing and deck lines as before ; let dx 

be the fifing. 

id. Make ^^ the fide of the £quare dbac equal to C ^ the i of the 
• breadth. 

3d. Inlcribe the two quadrants ceb^ and cfb into the Iquare. 

4th. Divide the fide ca into a certain number of equal parts in the 

points O, N, M, L ^ ; draw the liqes /L, A M, ^c. perpendicular to ac. 

^ 5. Divide the line C G, the depth qf the hold after dcdufting the ri- 

[ fing, into the lame number of equal parts in the points E,F,I,K, and 

; make the lines E/, F^, I r, Kx, in the frame, equal to the lines Or; 

N», M ^, L i» in the Iquare, defcribe a curve through the points G,/, ^, 

^ TySyb^ and the remaining part of the frame may be defcriboi by thepre- 

'. ceding methods* 



• M E T H' O D IV: 

To defcribe a Midftnjf Frame for a very Jharf Shif. 

PlMiTSLFig.Vf.} Let the length of the floortimbcrbe half the breadth 
as before, and the rifing one fifth or^onefixth of the whole length of the 
floor timber; lay this off (torn jc to E^ and defcribe a parabola through 
the points .GyP,Q,E^ of which the point G is the vertex, and (SC the 
axis. This method is cxtraded from M. Bouguer. The parabola may 
be formed' by the following method : i. Through the point £ draw the 
line Tx perpendicular to G C^ and the line ^E perpendicular to A G, and 

produce 
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produce the line CG'to p. ^l;]^U(pn4jhc ^cCD find the center of a 
fcmicircle that fhall pafi' through the points T, ^/,and D,(b fhall G D;bc 
the parameter bl rhd.paribolv by. .which lydJ^ay, Qfei.^y Jiumber of 

ofc Jt 
ivhich 
i^iri:le 
le lujc 
pPJnt". 
ajn^r. 
foje- 
l.pafs 



through the point j/; the center ol which^p^ype tAuod, bj(' any 
preceding methods. In order to find the center of tliat whic^ joins with 
the parabola make T R^MuaVito^alf^hc^paf^mp^r GD, and draw the 
line E R, upon which find a point Sfor the center of the arch. 

We might fhcw a great nciany more mcthoflt of jdefi:ribing this midfbip 
ff^a^e. ^ It is vef y truiq t|i^f ^rjeat jparc pugi)^ to be .had .ip fprnypg.tfjis 
frame, becaufe upon it chiefly depends the Ibrmof all the otlicri;in)^ 



lf4yi§hic|iyvi?«t P9tialt9gCit{ieT'i fyr^waihjii^may.bcfi^^^ 

midftiip frames, and yet' very different afore and abaft; and tnot^fi^^t^c 

artifts IhouW qiafco f^e^nfeJvQ5pj^c(|aa|n^tfd,;^;ithj^^ 

forjp^ng4,hi8 ,ff^e> ,I::fl?f?f?Jfi ^ f ffjosipipnd .j^at fiefhpdto thVn^ is 

^)Ie:th9;e,m^y K^ye^ljfl^hpfi Wfil?p4%^?54y fi^d plftiq. jw/h^^ 
#(Qn,bfi<}. o:1?h^ftf!«n<ob(^g^nce/oipi^^^ # #" 

the fapic^pj^ne. .[ ^Vc fl>a]|\ jiij^thp^ nextpjapc^^w t/i^ gfl^OTt^'^tb^ads 
ufqd bjjt^a \>uildcrs fo^^jhat^ . 

The ancient builders not being acquainted with the nic|hx:rff<^Qf {^^irjg 
down their defigns in a draught, found out a mechanic way^ot dbirig tliis 
only by help of the m^i^|iip^a|fy,j«[hic^ ^^C5|^pight have formed by 
Ibme of the. preceding methoos or any other contrivance of their own; 
and though this method is dbfe^ivc ih icvqral points, yct^^ it"Is an inge- 



nM>fe.tjH^r:A'L' 



O-pf^mif^^ih0^Tmbers > hy a Mould ^f^iodeitaitha M^^- ^ame^:0 //•* 
' ' .Jing Staff jml4Ae7^£afii&if[ 

Pk^iMl. Pi^.yn.) ift, IJavin^^^^ 
^IcaptHngs, 'make a tnould to fit bctii outfide^n^ mlidc, Ivllcfi rsAfhc 
called the bend mould ^d 
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cd. ©rp^ the Uiii6;g J? -tp JLipiH l4^ 
be the riling) a9di4raw^tl|0ilwe aM 3 l<Qt / be the I^ieigbt of t];ie ri^ngjju^e 
;«baft, apd (Ir^w the line ^/^p Ti&pre&nt the floor he^ds, or iloqr ribband. 
Sftt pfF 4»c frpcn ^ *o .H.; wid jfrofti ^^ tlv? head o/>t|je fii;|l fottocK., tp ^, 
and divide each into fix equal parts^ being the number of frames from 
midfliips to the •bajftncejftmcae. 

;^d, Civide ihp liqp -a u into five equal.parts, and fet ojpf two of ,tbem 
from a to S ; divide ibe line a S ipto the ^me proportion, t;hat the part 
.A 6 of the bafe A C of the right angled triangle (fg. 5.) is divided intP, 
and transfer thefe divifiops to the bend mould, an4 let. them he nunjbered 
o, 1, 2, 3, 4i 5f 6, which points will give the narrowing of the floor, as 
we (hill (hew, ^ftw conftruaing the triangle. We fhall only remark," 
that the lioe..^ S, which js4of>7«, is pearly the jdiffcrence betwixt half 
thejcwgthrof the midfhip floor timber, and halftbe length of the floor 
timber at thjc bakijce fi^me. But as this.appears to be tQO, much, ye may 
take 7 as in the ^gwre^ or any other quantity which ihiall be fought 
moft coavQnisnt. 

To confiruSi the Triangle^ Pig. 5^ 

Upon ^the line A C, drawn at pleafure, fet off any diftancc from A to i, 
^d doifble that diftance from i to 2, treble from 2 to 3, and fo on in 
the fame progreflion tilt we have as many divifions on the tine A C as 
we.prppofe,to have fi-apics ^b»ft tjie midfhip. Eredt a perpendicular at 
A> which paay be produced at pleafui:e, and fi'qm any pomt B draw lines 
to all the divifions of the bafe A C. Obferve that though in the triangle 
we have drawn a line for.every frame p the fgfjiion piece, we fhall only 
.make ufe of fix, there beipgfo m^ny tp the\balance frame. The triangle 
being thus conftradled, ^pply tbe Ime ^$ to jt, in fiich a mapner, that it 
: may be panvllel to A G,,anfi be contained bct\yixt the lines B A and 66^ 
the Knes dr?iwn fi-otn the poijijt B to d^e poinds 1,2, &c. will divide it 
ipto the required proportion. 

^0 stiultruSi ttie ttifin^ Stqff, Tig. ^ 

This ftaff^ may 4>e cf fhe fame breadth with ^t ke^il, ^nd a little 
longer than >r /, the height of 4he nfing of the floor. In order to graduate 
that ftaff, fet ^ xu^ therifing of the midihip floor from K to 0^ and 
make ^L equal to tf/ ; apfdy the line ^L to the triangle, fo ^at itmay 
be paralkl4othe.bafe, aad confiained 4)€twixt theline# AS apd£iC die 

E lines 
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26 Of the Plane of Projegiicn.^ Chap. IV. 

lines from the point B to the feveral points in the bafe will diiride it into 
the required proportion, which will give the rifing of the floor. 

Note J Our author calls x u the acculement^ and u d the rifing j the line 
u a will pafs through the point where the inverted arch joins the floor fwetf. 

To conJlruSi the over caft Staffs Fig. 5. 

That we may have a clear underftanding of what is meant by over-' 
caft^ it will be proper to obferve, that in forming the frames by the bend 
mould, when it is fet to the narrowing of the floor, the head of the 
mould will come too far in at the deck ; the mould mud therefore be 
moved round upon .the point which reprefents the floor ribband, till the 
head goes out to the proper breadth ; this will occafion the lower part of 
the mould to rife a certain quantity, which is called the over-caft. In or- 
der to graduate this (lafF we muft determine the difference betwixt the 
main breadth at the midfhip frame, and at the balance frame, which fup- 
pofe D F, let this be placed parallel to the bafe, and contained betwixt 
the line B A and B 6 s fo fliall the lines B6, B 5, &r. divide it into the 
required proportion. 

Thefe are the inftruments that are neceflary for forming the after 
frames, thofe for the fore part are conilrudted in the fame mianner, only 
the graduations for thefe arc but half the graduations of the former, for 
which reafon there muft be another bend mould graduated for the 
fore body. 

Now, in order to form the frames by thefe inftruments, place the bend 
mould upon the rifing ftaft in fuch a manner that the middle line of the 
ftafF produced may pafs through the narrowing of the floor upon the 
bend mould, exprcffed by the divifion correfbonding to the frame to be 
; formed 5 fuppofe frame 6, {Fig* 7.) the lower or ftrait part of it 
cxprefled by the dotted line in the figure being applied to the ri- 
; fing ftafF, till the middle line B a pafs through the divifion 6 on the bend 
mould : mark by the edge of the rifing ftafF the point 6, which expreflcs 
the rifing of the floor at that frame. Set lip the over caft (cxpreffed by 
the fpace contained betwixt the points 5 and 6 upon the over caft ftaff) 
from the lower part of the bend mould to the point 6 upon the line Btf ; 
then keeping the point d immoveable, turn the bend mould upon this 
point till the lower part rife to the overcaft at the point 6 upon the line 
B tf, and when in this pofition we may defcribc the curve to the floor 
head, and then invert the bend mould, and placing the point 6 (betwixt 
d and H) to the point fet off before to exprpfs the rifing, turn the mould 

tiU 
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tHl the ftrait part touch the curve before defcribcd, and then draw the 
lower part^ which compleats the frame. 

This is the method that is ufed when they mould the timbers, and it 
may likewife be ufed to lay them down upon a draught ; for if the line 
au of the bend mould {Fig. 8.) be laid upon the line A V, we may, 
when in that pofition, defcribe the midfhip fiame from the point d 
to the point X. In like manner we may defcribe all the reft of the 
frames, by giving each its proper over-caft and rifing ; as for inftance, 
if it were required to defcribe frame 6, take the rifing K 6 upon the 
rifing ftafF, and fet it ofiF from the point B to the point a upon 
the line BG, and draw a line through the point a parallel to A V, 
upon which laying the bend mould in fiich a manner that the point 6 
which cxpreiTes the narrowing of the floor, fhall be upon the point a ; 
then will the point d be upon the point R S : fet up the proper over-caft 
from a to 6, and keeping the point ^immoveable, pufti up the bend-mould 
which at firft was placed at the point a, till it be raifed to the point 6, which 
will throw out the. point X to the proper breadth at the deck. But be- 
caufe the deck is higher at tipaber 6 than at the midfhip frame. Take 
the diftance betwixt e and 6, at the head of the futtock on the bend 
mouldy and fet it up from x to 6) and then inverting the bend mould, fo 
that the point 6 betwixt ^and H be at the point X, and the ftrait part of 
the mduld touch the curve before defcribed : we may then defcribe the 
lower part to the point X, which compleats the whole frame. The tim- 
bers for the fore body may be defcribed by the fame procefs as thofe of 
the after body, only making ufe of the bend mould, rifing and overcaft 
ftaflf graduated for that purpofe; but as we obferved before, we cannot 
lay down any timbers by this method but thofe betwixt the midfhip and 
ballance frame. 

. The builders finding how very advantageous it would be for them to 
form all the timbers upon the plane of the projedion, becaufe they could 
then at one view fee how they would compare one with another, have 
tried feveral expedients to perform this, of which I might inftance ten or 
twelve, but fhall content myfelf with explaining three, which may be 
iiifiicieht for thofe purpofes, in order to which I fhall firft fhew another me- 
thod of forming the midfhip frame, diflferent from thofe we have fhewn 
before. 

Plate la. Fh.() ^^* ^^^ ^^ rifing deck and load-water lines, and fet off 

' ' ' the length of the floor timber as before. 

2d. Take one fourth of the length of the floor timber, and fet it off 

from O to d, upon which ttcQi the perpendicular dc^ and divide it into 

two equal parts in the point e. 3d. 
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3d. Defcribfc in* arch through the point n, Aef heJad 6{iht Hidcx tiri** 
ber, and the point e^ taking for the radios the dlftai^a Ironi Ulier tij$pey 
edge of the keel to the pbrl-fclls^, or a little mtore ot \tii, ic6o#di«g to 
Virhat round you propofe to the fldot head. This ditermihefe the^rifing'of (htf 
floor timbei-, and with the radius O/, half the leriglh of thtf f6Mf tiiStbdr, 
defcribe fh6 arch e V, which determines the acukmeHf ^fttie Ho^r Cini^. 

4th. At the point/, the middle afthe hnt AOi ef€(X tikcf ffifp%nA}h 
cular //ii^ ; and at the point n, thd middle of tike Hrift^ A /, etBfl: ^e ptp^ 
pendicular no; efe6t atfo the per^^endicular pi *^ the- miAdt6(Sf Ae Hnd 
An; and another rs^ at the middle of the lin< A^> aMA laftly^-andtlMr 
/^i, at the middle of the line At^ 

}th. Take the^ diftance7^, wMch fet ofT 01V the IfAtf »i it«!l ffwaff^ 
aYid oh the lititpg, frotfl pto g\ then taking the diftahfe^ frem-^/ft*' ^ 
fet that off froi;n / to jr ; agaiii take the diflahefe pjf^ Wbk!h^ fet cM fiOM 
r to b, arid the diftariccf ba from r to 1^ j ind kftly taktt thi diftittd* rF, 
which fet off from / to % dtid then the dlilance £ a ftbtii tto^y^ tiotvt 
paflirig through the f)dint ^, 2?, ^, F, ^, T, will form the rindfllip frfiOM att<* 
der water. We ihay theti fet off half the thickhdi^ df the pc>ft amd ftcMft 
on each ficte of the rrtiddlfe firie, and form th^ reft of the fhftbert 1^ thofd 
for Che for6 body dh thd right, and for the aftef body to the Icfffr of^viie 
middle line. 

Plate II. ^^' '^^ '^y down the poft upon the pkne 6f prc^eftion^ ttlke the 
' difference of the draught of water abaft moi^ than lA midfllipl^^ ai 
marked oh the plane of elevation (Fig. 2.) fetJ ofF this fMth ¥ t« / 
(Fig. 3.) and draw the line de parallel ta A B ; tak6 alfd I&F, tlk6 height 
from the plane of elevation, which fet off from e to ^, (6 (hall t^ pdiAtf 
be the head of the poft. 

2d, to lay down the wing tranfom, take its height from tht plane of 
elevation, which fet up on the plane of fJrojeftidrt tof, and d#aW th^ line 
1^/' perpendicular to thef tiiiddle lini, fo^/repi*efeiits the Up^f 4de of 
the wing tranfoni without regarding the round tip or the round alb Tak« 
alfo the height of the rifmg link upon the poll from the plane of ftlfllViationi 
which fet off ffofii e to G. 

3d- I'o form the fafhion pfece ; take upbn the pJaiie of the prtojeftion 
ii G the height (5f the load- water Ihie, afeovte the rifittg line upon die 
poft, which fet oft' from nto upon the water line; take alfo G P, the 
diflance betwixt the riling litte and lower deck, which (fet off from P to 
f upon the deck lbc5, and defcribe a circle through the pohts^J q^ 0. There 
is a problem iA geomietf^y to find the center of tWs arch. Nhft^ the point 
q may be taken further out ot in, as you defigii a knk of fiilt £ffli>6A piece. 

LafUy, 
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Lai^ly, defcribe the ^^ G 1 tf)e radius of this arch may be the maid 
helf breadtlf; fo ^hall/,}^, es G t» th* fortti^ of the fefhion picce^ which 
may be varied according to the fancy of the apfift^ by altering the centersi 

Having thus f<)rm#d^ the midfKi|> artd after frames, we fhail^ in the next 
pkce fhcw hovr to fpace the ribbartd linc&, which are reprefonted by th6 
diagonals in the figure^ bot it will b6pit)per to^ttmrki that the ribbands 
ar0 tMn< narrow pknk& which^ are mad^ fo, tb&t they may eafily be bent 
to the tfanberg. That which \^ nailed (o«he poft at the height of the riflng 
Htfe, and to the midship frame^ at the etid of the rifing of the floor timber; 
16 called the ftodr ribband. That which arlfwers to the wing tn^nfom^ and 
to the height of the lower deck, on the mid^i^ frame, is called the breadth 
ribband ; all the reft betwixt thefe two are called intermediates* 

From the Poh« It draw the lifte HO for the fteor ribband, a^d ftot* 
the polntf T draw the cunre T, E, ^, p for the breadth ribband^ and draw 
^ two intermediates betwixt them, fo that by them the curve of the 
midfhip frame and fii^idn^ piece iifay be divided irttd three equal parts. 

Now, it is very plain, thae if the ribbands had a proper fornv^ and nail'd 
at the pV6per heights afhd pofitidns, they itould eonipofe a kifki of A 
model, by whith the eireular fbrfti of every ehtiber might eafily be dif^ 
covered ; but as v^e have oAly the extreme points of each given, we 
cannot from thence form fbch a curve as (hall be neceflkry. We muft 
therefore find a method to form fome intermediate timbers betwixt the 
mid(hip and after one, and thereby form the ribbands fo that they fhall 
make fair curves. There are fome preliminary operations which are ne* 
ceffiiry towards performing this. 

I ft. ^0 conftrudt art equilateral Triangle for the ProgreJJkn <f the 

Frames in the Afier^Body. 

Plat IV F' From the point M fet off any diftance to i, upon any 
■ '^* * ftrait line, and from i to 2 treble that diftance, from 2 to 1 
five times that diftance, fK)m 3 to 4 feven times that diftance, and proceed 
in that progreflion, increafing the fpaccs betwixt the figures by equal 
differences, wz. double the diftance betwixt M and i, till we have as 
many divifions lefs one as there are frames betwixt" the midftiip and poft, 
including that of the midfhip and poft ; and becaufe there are nine frames 
the line muft confift of ten divifions, fi-om the point M to the point E. Let 
them be numbered i, 2, 3,®*^. make ME the bafc of an equilateral trian- 
gle S M E, and draw the lines Si, S 2, G?^. obferving to produce them 
all till the diftance betwixt the lines S E and S 9, upon a line parallel to 
the t>afe; be at leaft equal to the diftance betwixt the frames in tlie plane 

of 
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of elevation; The line S M reprefents the midihip frlme, and the line 
S E, the poft, and the nine intermediates, reprefent the nine frames be«- 
twixt the midfhip and poft. 

In order to give us a clear underftanding of the ufe of this triangle, it 
will be neceilary to remark, that the midfhip frame being that virhich in« 
clofeth the greateft fpace, and the aftermoft that which inclofeth the 
lead:, it will follow, that the intamediate frames will partake of the 
form of each • but moftly of that to which, they are neareft ; yet they 
will dill retain a little of the fi>rm of each. Hence, when the interme- 
diate frames are all formed, their curves will divide -all the diagonals; 
drawn in the plane of projection, into as many parts as there are frames ; 
and all the methods the builders have invented ferve only to. divide them 
into fuch a proportion as fhatl produce the fairefl curves. 

Now, if the proportion pitched upon for that purpofe, be as i, 3, 5, 7, ^j 
&c. then they muft all be divided into the fame proportions as the bafe 
of the triangle is divided into s and this may be performed very readily, 
only by taking the length of each diagonal from the plane of the projec- 
tion, and applying it to the triangle in fuch a manner that it (hall become 
the bafe of an equilateral triangle ; as for inftance, to divide the firft in* 
termediate diagonal 5 take the length of it in the plane of projedtion, 
(Plate II. Fig. 3 ) and fet it off from the point S to m and k on the fides of 
the triangle S M and S E ; and draw the line m k^ which being parallel to 
the bafe of the triangle, will be divided into the fame proportion. 
In like manner all the reft of the diagonals may be divided ; but as 
the builders are not agreed as to the precife form of a (hip's bottom, fome 
chufe to divide the bafe of the triangle into another proportion j others a- 
gain in applying the diagonals to the triangle give them different inclina- 
tions to the line M S. It would be very proper to try feveral of thefc 
methods, by which means we might difcover which would be moft con- 
venient 'y and after all the diagonals are divided into as many points as 
there are frames, curves palling through thefe points will determine the 
form of all the frames from the midlhip to the poft. It only remains to 
ibew how to end each frame upon the port. It was before obferved that 
the keel is not parallel to the furface of the water, fo that it will be 
very eafy to conceive that the height of each frame taken from the up-p 
per fide of the keel, upon a perpendicular to the furface of the water, 
will always increafe, the nearer the frame is to the ftern poft. Now 
^ K is what the keel is deeper abaft than at the mid(hip frame ; and to find 
how much any frame abaft exceeds that of the midfhip, fuppofe the firft ; 
take the diftance betwixt the line g G and K I at that frame, from the plane 
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of elevation, (Plate II.) which fct off from F towards ^, (Fig. 3.) and at 
^ that point draw a line parallel to de, which will be the firft frame upon the 

keel. In like manner we may draw lines parallel to d f , for all the reft, a$ 
in the figure, which will determine their heights from the upper fide of 
!^ the keel to the furface of the water* 

^ It muft be obferved, that the diagonals in the plane of the projedion, 

7 which end on the faftiion piece, muft likewife end on the fafliion piece on 

^ the plane of elevation j we muft therefore draw the fafliion piece on the 

9 plane of elevation. Thus, take the diftance of the point G, in the plane 

*• of the projeftion, firom the upper fide of the keel, which fet off upon the 

'^ ftern poft in the plane of elevation to the point b ; through /;, the rabbit of 

^1 the wing tranfom, draw the ftrait line b n^ which will reprefent the fafliion 

^ piece on the plane of elevation. Now as only the loweft diagonal ends 

upon the poft, in the plane of projedlion, which in the plane of elevation 
% ends at b^ fo the other diagonals that end upon the fafliion piece, muft 

^ likewife end on the fafliion piece in the plane of elevation. Their 

1; height muft therefore be transferred from the plane of the projedion 

to that of the elevation ; fo the fecond diagonal, will .end at the point P, 
i upon the fafliion piece in the plane of elevation. In like manner all the 

reft may be transferred to the plane of elevation ; and as the line that re- 
prefents the fafliion piece upon the plane of elevation rakes aft, this will 
occafion the line P S, which is perpendicular to the line that reprefents 
frame 9, to exceed the line b M. In the triangle, the line S M reprefents 
the midfhip frame and the line S E the poft ; that is, if the point where 
the ribband ends on the poft, be equally diftant from frame 9, that frame 
9 is from frame 8. Now as M i& is longer than M L, we muft draw the 
line S D without the triangle, which is to be ufed inftead of the line S E, 
when we come to apply the diagonal H G to the triangle ; for the point 
H muft touch the line S M, and the point G the line S E. To find the 
point D, take ML from the plane of elevation, and apply it to the 
triangle, fo that B C fliall be equal to it \ and parallel to M E ; it muft 
alfo be contained betwixt the line S 9 and S E. Then take b M and fet 
ofFfi-om B, which will give the point D. In like manner the line SF 
.muft be ufed when we divide the diagonal MK ; and to find the point F 
fet off P S in the plane of elevation, from B to F in the triangle ; and draw 
the line S F. In the fame manner there muft be lines drawn for every 
Plati IV. Fiz. 1.1 ^'^g^^^^ without the line S E 5 fo the line S E is not ufed 
in dividing the diagonals. Let it be further obferved, that 
in applying each diagonal to the triangle, it muft not only be contained 
betwixt the line SM and the line correfponding to the diagonal, which is 
to be divided, but it muft likewife form a certain angle with the line MS, 
, - that 
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that is, with that part of it which is intercepted betwixt <the diagonal and 
the point S. Theiib ^hich appear to me to be propereft for that puc« 
pofe are as follows : Thefirft diagonal to make an angle of 60 degrees 1 
the fecond 62^, thethird 68» the fourth d6» the fifth 65, the fiicth 6ode* 
grees ; but the artiAs vary thefe angles according to the foFoi they defiga 
to give to the timbers ; nay, fome draw them alw^s parallel fio-ohe^bafe 
of the triangle. 

Omt author then proceeds to tbefor^body^ ^indforms a*rumgle^ 4be baft 
of which he divides in the fame snanmr as that already defer ibed^ by which 
be divides each diagonal. He likewife (hews bvuo to ^ace the diagonflU upon 
thefiem*^ hut as the artifis leave usfo much undetermined as to the ^angles 
that each diagonal is to make with the line S M, when they are i:fpplied to 
ihe triangle^ it will be very di^ult to apply this method to praBice. So 
me prefume it will be needle f to fay any more on that head^ j^gi^ what 
has been already faid ft^ient to give our readers an idea of the principles 
m which the method is grounded j we /hall proceed therefore to the next me^ 
thod he propofes. 

To form the Timbers by a garter of a Circle y Plate IV. Fig. 2. 3. 

I ft. Form the midfhip frame, the £Uhton piece, the ^oremoft timber, 
lalfo the two balance frames, by fome of the preceding methods. Note^ 
Thofe who make ufe of the following method of forming the refl of the tim^ 
hers are fuppofed to be previoufly acquainted with the manner ef forming 
the midfhip frame y ficc. 

2d. Space all the diagonals for the ribbands as dire<£ted in the pre- 
ceding method. 

3d. From the center A with any radius dcfcribe a quarter of a circle^ 
and divide it into fo many equal parts, that there may be a point fcr each 
timber .to be formed, and draw the radii A i, A 2» ^c. to A.9> fo weihall 
rhave one for each frame. 

4th. Take a b the firft diagonal, which fot off f]X)m the pomt A 
upon the line A C, to i. 

5th, Take aCy the diftance upon the lower ribband, bekwjbrt.tfae poft 
and balance frame, which in the plane of projedion is the 6th fmme^ isH 
off this diftance upon a perpendicular ere^ed upon the line A 6, to in- 
terfe6t the radius A.6) in iiich a manner that the perpendiculac'. G i .ftiaU 
be equal \,o ac, 

6th. Produce the line C A to F, and upon this line find a point, which 
ftiall be the center of a cirde whofe circumference ihall pafe* through the 
point ], before marked upon the line A.C>and the point .1, now ^marked 
upon the radius A 6 ; defcribe the arch through theie jtwo points; to the 
point I on the line A B. 7th, 
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Chap. V. Of the Fdrmatim of W^ter Lines and Riilumds. 3 3 

7th. Let fall perpendiculars to the line A B from the points where the 
arch I, I, I inteiiefb the ieveral radii. Transfer thefc perpendiculars to 
the line ab^ which will divide the lower diagonal into the points through 
which the curv.es of the frames muft pals. NoU^ the ^erfendkulars are 
not drawn to avoid confujlon. 

After the fame manner all the other diagonals are graduated, firft by 
taking the whole length of each diagonal, and letting them up on the 
line AC, from the point A to the points 5, 4,3, 1,1, and Iccondly, by 
taJdng the feyeral diftances upon each diagonal intercepted betwixt the 
after frame and the balance frame, and applying them feverally to the ra- 
dius A 6, infuch a manner that they fhall be contained betwixt the radius 
A ((.and the line AB, upon the perpendiculars let fail from the points 
5, 4, 3, 1, 2. And thirdly by deicribing arches through the points in the 
line AC, to pafs through the points of the fame number upon the radius 
A6y whole centers are in the line A F ; the arches to be produced to in* 
terled the line A B in the points i^ 4^ 3^ i ^ 2, will interled all the radii ;^ 
the perpendiculars let fall from the interfedions of the radii with the arch 
correfponding to each diagonal, will divide that diagonal into the points 
through which the curves of the frames muft pais. 

The diagonals for foiming the frames in the fore body are divided into 
the points through which the curves muft pafs by the fame operations^ 
only^oblerving that frame 4 is the balance frame for the fore body. 



CHAR V. 

Of the ProjeSiions on the horizontal Planes ^ and of the Water 
and Ribband Lines on the Plane of Elevation^ and that of 
the 'ProjeEiion. 

WATER Lines are delcribed upon a ihip's bottom by the lur- 
faceof the water into which Ihe fwimsj that which determines 
how much is under water when fhe is loaded is called the load-water line. 
Now it is plain, that if a fliip is lightened, fhe will rife higher out of the 
.water ; and if flie be lightened (b as to rife equally afore and abaft, the 
furface of the water will then form another water-line parallel to the load- 
water line. Again, if the fliip is lightened more flie will ftill rile higher, 
and ifthelame difterence ftill continues betwixt the draught of water abaft 
and afore, we ihall have another water line parallel to the two former ; 

F fo 
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'^4 Of the FermOiott ff Water thus 4md KUha/utK CiiAr. VU 

fo that by this means we taaj delcribe as tfuuiy water Unes al tre pkafb> 
all parallel to one another. 

In order to form an idea how thefe lines tte reprdftntcd on the dMfetent 
ptarte^ let txs fuppofe a fiitp upon ehe ftb^Ju ^poti a levd grooady anal 
her Iceel in the »me petition, with refped to the horiixm, that k is to be 
in the Wafer when k>a<Sed; we may theA deicr^ ftvend black iiftes t()oi> 
the ihip's bottoni, which may be wbrttened kn tAust purpofe, afl paraUd: 
to the horizon : Thefe will 3R be watef lia^ 

Now, if a l^e£btor be removed at any cotMdftitAe iittimet Aom tkr 
ihip upon a lin<i in the fame direiftion wldi tht Jceel^ all thefe Uacfc lioea 
^hich v^ere drawn apon the Alp's botfdm) panttlsl to clfe faorizoA, flnd 
which are a£bally curves, will appieat ti» hith HiO. fbalt tinea, btdMitfe hb 
fees them all upon a plane formed by i ftftidn pdShg through the niid<^ 
ihip framt: perpendicular to the keeL Hroee the waiei- tinea i»i|l be wt»- 
prefented by fhait lines upon ifhe plane of the pt'<^edlM. 

Again, if a ^itdator is reinoved tt any confiMrille diftaiice h^ta tkr 
fhip upon a line perpendicular to the keel^ foas to ^ the wkiole Icngdxot' 
the (hip at one Tiew> thewateir litiea wittthea af^iMr ta hioi ttmitt Ban^ 
becaufe he fees them upon a plane ereded |iei^fldlealat fo thn hotxagoti 
upon the middle line of the keel. Henee tht wat«r lin«» will be lepre- 
l^nted by ftrait Ikes Mfcta the ^«ae df devMtttoik 

But if the i^dator be fuppoted to be pkced undtni«a«h tht mi^le of 
the fhip at any confiderable depths in a line perpendicular to the level 
ground, he will then>. viewing the ihip^s bottom upwards, diicover tht 
curvings of all tins water lines. Thefe cwrvea are all projeded ixpon a« 
plane> which we muft imagine 'to- be formed by a feoion <^ the ihip 
through the -load-water lio^and we aze now to- ihew hpw the& are 
ibrniea: 

To form the Water Lanes npen tbe Hmsont/d^ Tkmt^ 

Let the water lines to be formed be reprelented in the plane, or the 
prc^edion by flrait lines all parallel to one another.. Thefe will be tt^ 
prefented by the ftrait line* in the|dane oTelevatiom ^uppofe qr^ st 
^x, and TV, all parallel to one another,. wA the fione dtOafice ^kSin tiir 
load-water line T V that the Ihies which icpfcffent ^hem in Khe i^laft* <)f 
the projedion are from it. In older to formthefb^ up(Mi the hoilStontat 
plane, 

ift. Take half the thicknef&c(f the poft fton» the pfone of the pMyjeo- 
tion» and lay it off on Che horizontal plane fiom. A ta E^ and through the 
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tlw fftHir di<S^»n5e. frf(» Bf o F, W tluo' the |>puit F disw a liiie F R pa-i 

a4. Fiom the pQifltt whwc fbe wjjtpr Iwes lAterfe^ the ftero p^ 
Ijiposi the plgiK of ele^fttjoa^ let ^oU perpendiculars. In like manner le( 
.f«tt p«fieQ4icjQkn iroi9 the points wh^e tht: water linea interfed the lleQiy 
. 3df 5Rafcm|>0Q thf W^tcr Uq(^ inthepfane,cf the proje^ion, the fe*^ 
yeral diftances intercepted betwixt the middle liqe afid Xbe purve of the 
jWliflttp Hmme, andJay thpm off iron the live A B in the horizpntal plane^ 
upon tbe pefpfodicuhMT that reprefents the midOiip frame. Take alio 
ixMEk rhe pljue Off prcjedjon the feiiraal diftances intercepted betwixt the 
middle lioe v4 the curriogg of the ocher fraoies, and lay them off in the 
liC)dawytid|4Mie:fipiB tl«F Jliae AB upon the perpendiculars correipon^ 
ing to their rdpedive frames, both ia the fore body and after body, and 
ttwes fatft&gfhfpqgh fUthde points will giire the true form of all the 
imtnrlitnw. They ead fonw^dat the points where the perpendiculars in* 
tcrioftlihe liofF R. Th^ water linc9 ^ibaft which end upon the poft in 
^e plane of ^evuttoei w4U end where the perpendiculars ioterfed the 
Uw &s :upon the hori^poBeai plane. But the 3d and 4th water lines can? 
O0t end !ii^A ^he 90% |bv reaion of the £iihion pieces ; 4nd in order to 
&id itbe p9i8f 9 whm ^^ fi^ eod^ we nmft jpioceed in the following; 
flttnoer. 

To find the point where the jk^ad^water lipe ends, let fall a perpendi^ 
«Mlar ftom thepoifit^^hete ifi interfedsthe falbion piece on the plane 
of^Tfltion^ tOiN^ Tfi^ir9mitjbe.pUne of the proje.dion upon the lini^ 
that «i4irdeQjt9 the load-^at^ linmi the d^uce betwixt the falhion piece 
and the midline; \vf this ctff upon the horizontal plane from the line 
A£ to .the point N| which wlQend the load^^i^ter line upon the hori^ 
Kontal p]|ane> fipm whence k may be dr^-v^n to ^ ; £> ^ N will be the flat 
of the Juck ; and ts> ftnd the pwnt g draw a line parallel to i N thro* 
the point wbcw the Hi^e T V <:uts the rabbit of the poft, which will 
Siretbeipdidt^. We ma^ after the iame nianner find the ends of the 
isther nvater lines that do not gp the ftern poft for a fquare tuck, 

Te form the Ribbands ^m the Horisitmtal Tlane. 

We: observed before, th^t the ribbands were thin planks nailed to all 
the frames from the poft to the ftem \ and that when they are carried 
'jKfxoAj to ^& to make fair curves, the form of all the filling timbers may 
be by theif^ deterinim^d. Theie filling timbers are to be placed betwixt 

'.. ' Fa the 
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36 Of the Formation of Water Lines and RMands. Chap. V. 

the frameS) which were methodically laid down in the draught. We ihaS 
here further obferve, that thefe ribbands will round two waya, one in t 
vertical, and one in an horizontal ienfe, oocafioned by the nature of the form 
of the fhip's body; for they will, in carrying them abbut, naturally fly 
higher abaft and before than they are in midfhips, which gires themt 
vertical curve, and the narrowing of the ihip's breadth from the midfliips 
both ways gives them the horizontal curve ; thence they will be reprc^ 
icnted by different lines on all the planes. 

They are repreiented upon the plane of the projeftion by ftreight lines, 
all but the breadth ribband, which is ufually repreiented by a curve} 
but upon the plane of elevation, and that of the horizon they will be repre- 
iented by curves. The reafbn of thefe different appearances, ariies from 
the different fitqations in which they are fuppofed to be viewed, as was 
obferved in refpc6f of the water lines. 

Now in order to comprehend the relation betwixt thefe horizontal 
curves, and the lines that reprefent them upon the plane of the projedion; 
it will be fufficient to remark, that thefe horizontal curves refiiit from the 
different lengths of the perpendiculars that are fuppofed to be drawn in 
the plane of the projedion, from the points where the liftes that reprefent 
the ribbands interleft the frames, to the middle line* Hence, If the 
lengths of thefe perpendiculars are transferred to the lines correfponding to 
each frame in the horizontal plane, we fhall have the points thro^ which 
the curve that forms the ribband muft pais. ' 

But if thefe ribbands are to be repreiented upon a plane pla(ced i& an 
oblique pbfltion to the horizon, that is to lay, a plane* that has the lame 
inclination to another plane ereded perpendicularly upon the middle line 
of the keel, that the line that repre^ts that ribband, has to the middle 
line in the plane of the projeftion ; in that cafe, they will have a quite 
different form from what they have upon the plane of the horizon. 

Now, to conceive the relation betwixt thefe and the lines that reprefent 
them upon the plane of the projedion, it will be fufficient to remark; that 
if the leveral diflances taken upon each diagonal intercepted betwixt the 
middle line and the points where thefe diagonals interfed the curves of 
the timbers in the plane of the projedion; I lay, if thefe be transferred 
to the lines that reprefent thofe timbers, we Ihall have the points thro' 
which the curves that form the ribbands muft pais. 

Again, if thefe ribbands are to be reprefentcd upon the plane of eleyap- 
tiop, they will have a different form from any of the former^ to find 
which we need only take the perpendicular diftances from the points 
where the diagonals interfed the curves of the timbers in the plane 

of 
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^ of the prqjedion to the line that reprefents the upper fide of the keel, 

t and transfer them to the plane of elevation, letting them up from the up- 

a per fide of the keel upon the line corrcfponding to the timber, from 

\ which they were taken upon the plane of the projedion. This will give 

w us the points thro^ which their curves muft pafi: 

J Having thus given a general dcfcription of thefe curves, we ihall 

> now proceed to deicribe them upon the different planes* 

•^ To describe the Fhor Ribband t^on the Tlane of Elevation. 

» ■* 

\ I ft. Take the perpendicular diftance betwixt the point ^, where the 

\ diagonal ihterfe£b frame 5^, and the lower 's^rater line in the plane of the 

5j projeftion. 

ad. Set up this diftanct from the point S, where the lower water line 
^ interfefts frame 5) in the plane of elevation, and we fhaff have a point G, 

thro' which the curve muft pafs. 
t Novv, it is plain, that we may, by lepeating the lame operations, have 

a point in each frame, thro' which the curve of the ribband muft pals 
'^ upon the plane of eievatiodb After the faitoe mannex' are ail the other 

; ribbands formed. 

If 

[ To defirtbe Ribbands if on the Horizontal Tlane. 

Thtf breadth ribbed h formed by transferting the lengths of all the 
perpendiculars that are fuppoled to be drawn from the points where the 
curve that reptefentt this ribband interfe^ the timbers, to the middle line 
in the plane of the projedion ; This curve, in the plane of the prcjedion, 
^ is drawn from the breadth in midihips to the extremity of the wing 

' Cranfbm. * 

I ft. Lay off the length of the wing traoibm upon the perpendicular n L. 
i 2d. Take the length of the perpendicular drawn, from the point 

i where the curve that reprefents the breadth interfe£ls frame 9, to the 

\ mid-'ljhe in the plane of the projedion \ lay off this from the line AB 

i upon the perpendicular repretenting frame p in the horizontal plane, to 

i the point S, which will be one of the points thro' which the curve of the 

ribband muft pafs.* We may proceed in the fame manner to find points 
upon all the perpendiculars, both afore and abaft, fo fhall the curve 
} L,S, Q, I, be the form of the breadth ribband* But to compleat this 

i ribband, the round afc of the wing tranfom muft be fet oS. 

5 ...'■■■ ^ 

f To 
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H fmm tbciOUifue nr OiufJtiUMmds. 

We obfcrycd before, that thcfc ribbands conld not be fonncd either 
upon the horizontal plwe or that of ekvatlofi^ upon which account they 
were feldom dxawn^ becauib each mufi be drawn upon a iepansMie plane. 
However, thoic who incline to draw thcni may.ufe toe ibO^wiOg method: 

Let it then be required to form the firtt ribband repretenced in the 
plane of thepcojedion, by the diagonal H G. 

I ft. Prodaceline HG tothe point/ in the middle line upon the 
plane <€ the pr<:^0di0n. 

std. Take the height of the .point f abore the liae tbgX ttfxeisotB tbc 
upper fide of the keel in midfliips, in the plane of the prcjdSbion } let up 
this from t-heikne Itne m thej^aneof eleyatJo% on a >peifeBdi«uiar3 upon 
tfaepoft, ffoiyi which pofnt let &U a perpeadiiHikr to &e point Fio the 
line CD, and produce all the perpendicnilars that pepre£bat the framcB to 
thejlineCD} foF,(^wmbetb^ apcis of the cibbaod fi^om the fuft to 
the mid(hip9» 

5d. Take upon the plaae of t^pffcge^oorinth^l^^ 
/ G, which fet oflF upon the perpendicular firom the point Ft9^ 

4th. Take the diftance on the diagonal from the point/ in the middle 
line to its inCccfedion with the frame p. JSet off this from the line CD 
upon the perpendicular correfponding to frame 9 ; this will ^ive us a 
point thiK)^ whidi the •eiur^e iftuH p«& Do ifae4iiietfttr^itfae«ther 
irames to the mid^ip. ^ 

In like matiner «he ounre ^ the fore part oftiie itblMAd is fcntmtd 
from the fAtei^fedions fif tlie ttiagmol 4, ^, wi^h the eutvos Gf4%r Aames 
in the plane of the prowAion; %t]t 4t is ^vident^ this $9 a ^^MSrreiK plane 
fi'om that of the lineH/; therefore we muft have a different a«iB ftr 
the uurve of the fore part c^f tde ribband, fn order to which, take from 
the pkne <»f fheprojeftion the diogctn^ 4, 5 ; fet oft* this f^m the point 
O to Z, and draw libe line ZXpai^Del to CD. We mufl likewise 
take the height of the point 4 iil the phine %if the projedim^ mdiit It op 
on Che Item; from whkb pcdAtlettiog faiH a peroendteular to the lineZX, 
we fliaU limit the fore end of the ribband. The points thro' iwbicb the 
curve muft pais vAU t>e '^und ia the fame manncf as thofe for the 
after-body. 

The builders ^nake uie of f he cant ribbands to^d the bevellings of 
the timbers ; For we muft -repfcfent »cb fi^me as one intire piece <rf" cir- 
cular timber, and being all faftcned to the keel they form the fide of the 
fhip. They are fquare upon the upper fide of the keel j but becaufc 

both 
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b9tb febe out^de : ufA laftde ^f tba fiMp'» Hdof^ leqgtb-^vag^s,. fooa aur^:eS|r 
it is plain, that the fedioos of any of the frame^ the mioibip Only except- 
cd, wiH |»(pdfiae * farface ip tibP;^3im ^f « tozenge or chombu&j the ao- 
gks which act S9xmtA by th^ fedions are what ajce caUed the bevening» 
of tiic Hmbcra. 

The flup-wrights talkethe& angles mechanioally by an inftrumeot eaU'ii 
• berid; <iMi9 t\Sif d«»w, upoa the (>Uae of the ribband, a line parallel 
to tiiat wbi6b«(^wt£biit»tbe Ifams, and diftanlr^Qak tt the vrhole breadtl;^ 
of liht <ciiftb0r.i and <^l4yitig th^ftock of the beyel fo the. line that re- 
prd&Qts the frame, and the tongue to the ribband, they have the cyaabtity 
of the «n|^ which forais tibe bevelling of the timber at that place. 

It i» pkfn theiing^ K^y^t w|iich pcnats to the UMdCbip Dcame,. will be 
obtkiic^ whefcas the^n^t ^%^»dy wbljph poinb to the poi^ will be acuta 

Now,, as every timber hcu two planes, that which points to the hud- . 
fliips will have what they call a ftanding bevelling, and that which points 
cither to the poft or ftem will be uitder bevelling. 

We flttU ftew m dnolher place bow the onodem builders, by putting 
the fiames in an oUifjue ppfition ta the keel a&re and abaft^ leffea 
the bevellii^* 



CHAP. VL 

jimther^ Mttbod of laying dmem the HwUtmtal Phm^ and 

the Thine of FrejeSHm, 



J •nr^ H OSE who are well vericd in the mtcf drawing have caken » 
i^ J^ method quite different from any of thoie we have deicribed,: whichi 

ftall be the fubjed of this chapter. . . 
i: After forming the plane of elevation, and drawli^ all the perpendictiK 

ha ht rim frames^ as before, the foUowing method muft be omeciwd t 

I To lay iwm tBe BreadtB PMmd m the Horksmtal Tlme^ 

The ^tti^miti^of it on the ftem and pa(^ and the point thro^* whicA) 
k is to* pais onr the mVlihip frame are found as direded in the preceedin^; 
chapter. It remains oow ^to find the points ia the balance frames,, thrc^ 
which it is to pafi^ 

Toifini the point ia the fere balance frame take iU parta of hal€ the 

naihi 
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40 Of tBe Formatm of Water Lines and Ribbands. Chap. VI. 

main breadth, which fet oft on the line that itpreients that frame in the 
horizontal plane from K to L. 

'To find the point in the balance frame abaft, take 44^ 'parts of the half 
of the main breadth from M to N. It wifl be ncceflaiy to have another 
point in the forcrbody, thro' which the curve muftpafi; for which pur- 
pofc ufcthe following method : 

Divide the fpace contained betwixt the line that repreientathe balance 
frame afore and the rabbit of the flcm, into tw6 equal parts, and draw the 
line OP, on which let off the i6oth part of the main breadth, which 
will give the point P, thro' which the curve is to pafi. It muft be ob- 
ferved, that the proportions for finding thefe points may be varied accord* 
ing to the form we propole to give to the. ribband. After the points 
H,N,Q, L,P,I arc thus let ofl^ we may delcribe the curve either by 
moulds or penning battens. 

To lay down the Floor Ribband on the Horis&ontal Tlane. 

I ft. The height of this ribband muft be determined both upon the 
poft and ftem, from which points letting fitU perpendiculars, we fliall have 
the extremities of it on the horizontal plane, obferving to allow for 
the rabbit. 

ad. Take half the length of the raidfhip floor timber, and fet off* on 
the line that reprefcnts,the m^dlhip frame on the horizontal plane from a 
to S, which will be the point thro' which the curve muft pafe • 

3d. Take l^ of the. line ^ J,,the breadth at the midlhip frame, and fet 
it off* on the balance timber afore, from K to Y, and fet off* 44^ of the 
&me line, upon the balance timber abaft to V, and draw the curve thro' 
the points G,V,S,T,R. 

III. 
To hs down the after Balance Ttmbert^on the Tlane of^rojeBion. 

I ft. Produce the line which reprcfents it on the |horizontal plane to 
the Ihecr rail, on the plane of elevation, and take the diftance upon this 
line betwixt the upper fide of the keel, and the lower edge of the fccond 
wale, which here rcprefcnts the breadth ribband; fet up this from A to G 
on the plane of the projcdion, from which point draw the line C D, 
p:rpendicular to the middfle line, (^late 11. tig. i, a, 3.) 

ad. Take the line M N in the horizontal plane, and fet off" from D 
to E, which will give one point, through whicn the curve of the timber 
muft pais. 

3d. Take 
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3d, Take the height of the floor ribband, in the plane of elevation* 
and fet k a|x on tho plane of the prc^edion to G; from the point H, at 
the epd of the floor timber, draw the lioe H G which will ref^refent the 
floor ribhand: on the plane of the proje<aion. {Piate II. fig. 1. a. 3,) 

4th, Take the diftance M V, in the horizontal plane, with a pair of 
9ompafles, and move the compaflibs with one foot, in the middle line, 
^d the other in a live perpcod^^^lv to it, till it interfedt the diagonal in 
the point L| thro* which the curve of the frs^xK mufl: pa&. To thofe 
who are acqu^nted with drawing, the ^rf;e points £,, L, F, will be fuf- 
^cient to form the timber f they who iodine to have another point may 
divide thp Une A C into two eqjual parts by a perpendicular M K drawn to 
the middle |in^, from which fitting oflF wr of the Ui>e M K we (haU 
^ve anipthqr point thro' w^^ ^^ qwvft Qiuft .p«(9* . 

To lay down the ninth Frame abaft on the Plane of the FrojeBion. 

Take the height of th« breadlh ribband at thia frajsia^ in the plane ^ 
elevation, and let it up on the plane of the projection from F to O, and 
draw the line OP perpendicylar to the middle line. (FJafe M^fig*. 1.4.3.) 

2d, Take the diftance X S in the horizontal plane, aindifct off from O 
to P, which rmtt be the pomt thro?' which the curve njnft paife; 

3d, Take the diihnce XZ in the horizontal plane, which f2it oflf* from^ 
the middle line, to interfedt the (jlia^onal that reprefents the floor ribband, 
in the plane of projedion in Q, obierving to keep the compai&9 as before 
dSrefted. 

4th, Divide die line KO in^ twtx equal parts, and draw the line 'RS 
^rpendicular to the middle line, on which fct ofl^ i44 of the line P O, 
fl-om R to S, and draw the curve thro' the points P; S, Q, F, which, 
will be the form of the ninth frame. 

v.. 

7i lay down the intermediate. Ribbands abaft on the Flane of the ProjeSlion. 

I ft. Take the diftance betwixt the upper fide of the keel and the 
breadth, upon the line that reprefents the midftiip frame, in the plane of 
elevation, and fct it up from A to T, and from B to T, in the plane of 
the projedion, fo fliall the line T T give the height of the breadth ribband 
in midfhips. 

2d, Divide the curve H M T into as many equal parts as there are to 
be intermediate ribbands ; divide alfo the curve of the ninth frame QS P 
into the fame number, and, thro* thefe divifions, draw the diagonals 
which will reprefent the ribbands as in the plate, 

' G VI. To 
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VI. 
. To lay down thejirji intermediate 'Ribband upon the Horizmtd Plane. 

ift, Take the ncarcft diftance of the point V (urhich is the extremity 
of the diagonal in the plane of the projedion) to the middle line OF» 
fet off this on the line which reprefents the midfhip frame in the hori- 
zontal plane^ which will give the point thro* which the curve muft pafs 
at that place. After the &me manner we may find the points in the lines 
that reprefent the balance and ninth frames in the horizontal plane. 

2d, Take F Z, the height of the ribband upon the rabbit of the poft, 
in the plane of the projeftion, and fet it up on a perpendicular, fi"om N 
to the point k on the line that reprefents the rabbit of the poft in the 
plane of elevation ; take the neareil diftance of the point k to the perpen- 
dicular of the poft, which fet ofFfirom E to e^ aud this will be the end 
of the ribband : fo a curve pafting thro' the points e^ d^ r, by will be the 
form of the ribband. 

yn. 

To lay down the Wing Tranfim upon the Plane of the Projection^ and on the 
^ Horizontal Plane^ 

I ft. Take the height of rthe upper fide of the wing tranfom (including 
the round up) in the plane of elevation, and fet it up in the plane of the 
projeftion to the point e. 

2d, Take the height in the plane of elevation, without regarding the 
round up, and fet off from F to yj and draw the liney ^ perpemucular 
to the middle line, on which fet off the length of the tranfom from f 
to gy this is equ^ to the line G H in the. horizontal plane., The curve 
g e reprefents the upper fide of the wing tranfom. 

The round aft of the tranfom is reprefented upon the horizontal plane 
by the curve Lke-, H L Is the fquare end of it 

VIII. 

. To lay down all the Frames in the after Body. 

All thefe are laid down in the fame manner as the ninth and balance 
frames before defcribed, that is, by taking the half breadth of the rib- 
bands at each frame in the horizontal plane, and fctting them off from 
the middle line in the plane of the projedlion to interfedl the diagonal cor- 
refponding to the ribband, as direded in forming tha balance frame, by 
this means we fliall divide each into as many points as there are frames: 
the curves drawn thro' thefe points will give the form of all the frames 
in the after body. 

r / IX. To 
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IX. 

To lay dawn the Pofition of the Fajhion Piece on the Horizontal Plane, 

Let fall the perpendicular GH, from the end of the wing tranfom, 
' and draw the line H /, which will reprefent the plane of the fafhion piece 
*upon the horizontal plane, pbferving to make the angle G H /^ about 25 
degrees. 

X. 

Tojorm the Fafiim Piece in the fame Manner it is to be^wbert put into its 

proper place in the Ship. 

The &fhion piece laid down in the plane of the prqedion, regards 
. that frame as it would appear when viewed from abaft ; but as th« faSiion 
pieces on each fide are not in one plane, as all the reft of the frames are, 
we (hall be much deceived, if we imagine that the faihion piece laid 
down in the plain, of projedion, will give the true form of that which 
is to be. put in the fhip. We muft therefore lay it down upon another 
plane, and, to avoid confufion, we (hall feparate it from the plane of pro-- 
jedlion. 

Note^ The fafhion piece^ mentioned by our author^ defcribed in the plane 
of the proje0ion^ is that betwixt the ninth frame^ aua the curve f q o G, 
which reprefentsjbe fa/hion fiece ofaJqUan tuck^ it is filmed in the fame 
manner as the reji of the frames^ by transferring, the lines n m, p o, &c. in 
Jbe horizontal plane^ to the plane ofproje^ori^' to interfeSl the diagonals co^ 
.refponding to thefe ribbands in the points i, 1, Gf^ : 

ift. Draw the line/ G, to reprefent the middle line of the plane of 
projei^on, (Fig^. /^J 

2d, Draw the line fg perpendicular to; Q/, to reprefent the wing 
tranfom. . 

3d, From /, the {)oint Where the faihion piece interfe£ts the floor rib* 
band in the plane of the projedlion, take the neareft diflance to the line 
fg> )vhich reptiefents the wing tranfom, and fct off this diftancain Fig. 4* 
from/ to b, ahd dfaw the line h /parallel to fg. 

41^,' From the pokot /, where the fafhion piece ihterfedts the firft in- 
jtermediate diagonal, in the plane of prcpe£fcion take the neareft diftance to 
the linefg, fet it off from/ to i, in Fig. 4^ znd draw the line im^ paral- 
lel to/^, 

5th, In like manner, the points where the /aihion pie^e interfeds the 
fecond and third diagonals in the plane of projei^ion, are to be transferr'd 
to the points j and h^ Fig. ^. and the lines ^ y» »^ drawn parallel 
tofg. G 2 6th, 
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44 CftbeF^rmti^n rfthe P<ffhkn Pie^. Ct? ap. VI. 

6th, To find the points through which the curve muft pafs : Take 
the line / H, which reprefents the pofition of the £a(hion piece upon the 
horizontal plane; by this off from ftog-i Again, take the diftaiKSe/^in 
the horizontal plane, which lay onF fron g to />, in like maoner fek off 
the diftancc Iz, from nvoi-, and the diftaftce ip ttam ktom^ and laJftljr, 
the diftanxx in^ from A to /; io ^ cntvt drawn through the points g^^ 9^ 
m, /, will give the true form of tht faihion jpifcce. 

^19 lay Jofwn the Bafhim Piet^ 41^ thi Fbiie 9f&»kffh^. 

ift, Take the fevcral heights abdvt the kefel, of the points where the 
fa&ion piece liExterfeds the dia|;DMdb ia tfa^T^nb of pvojedioii^ Antt t^ans- 
fcrr them to thi lines o^p^qz^y^ ib the pktae of eletatiod^ dr^Mm pcMl* 
kl to the keel, and the fame heiglA above it^ tlntt iheir core^diidiirkg 
pointy are m the plane of projefHoOi .. 

2ds Take the ttelareftdsitancax>ftlie|H)iiitif5 intlierfifaaie<»fdevifti§6, 
to the line C Fv the pecpdndicuhr from thekeadof the|>oft| &t titff this 
£-om the fame lioe in thepki»df dtvadon opoti the line^t .WiiiG& wUl 
be the point through which the curve muft paft. 

jdv In like ftiaoncr the points i:, J^ muft^bft tramifefr'd frdM the 
horizont^ planei to tl^e^ plaine of elevation xsk die pbinn ^^ ?i turve 
paiTing^ through theft poioM wiU be the pit>jedioii of the fitihioil^ pkf^ 
on the plane of elevation. 

We ihall hear remark, that (bmte builds tb atoid givhig tt gt«at be^ 
veiling to the timbers, and likdvriib thttt they iMty not rtquiitf ^h co(»- 
pafs timber^ do change the direAioa. of all) tft^ frames' in the l&re^tody 
before that of the loof ; that is, the lines that repreibnt then^ in< ^ Hott- 
2ontal plane make an actato ai^le wiUi the tine tha« ttprefeifliP the k^el ; 
thefe are called cant tinlbers, and may be formed in the fame m^nneif tk 
the fafhion piece, which we have now defcnbed. Tho' feveml biit^ers 
form all the frames perpendicular to die ked, ta>&&Ve tbe floor limbers \ii 
pne piece, whick will be much ftrotiger draft wten in two: pkces^ taA 
this will inevitably be the cafe when the timbers are caaled. 

We might here (hew how to lay down the to^tknbefs, bat ab that part 
under water is the moft matei^ial, we ihall proceod to form th)t timo^ 
afore« 

Xlf. 

Td lof df/Wi the Firamet fir the' Fbri^My. 

The balance and the eighth frame muft; firft be formed in the fame 
manner as the balance and ninth frame abaft': Ih order to which the curve 

that 
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that reprefents the breadtk riband m»il bef kid €^wn in the plane of the 
projedlion afore The diagonal, which reprefents the floor ribband mud 
likewife be laid. do wh in tke plane of the p^bje^ftioA^ for which purpofe 
we muft taice the height of the ribband above the keel upon the rabbit of 
th^ftMbv md' f<^ it ilt>on the linb that reprefents \ht rabbit of the {>oft in 
the ipftEine <»f the proje^tidtr^ to the {)oiit 4 i froto which dfaW a liile to 
eke 4^wk heAdi fo 4 5 will r^eleht tfacr floor ribband. 

XIII. 

?a j^e rtr DiagMUfk that YV^tfoni the itihbArids dfdre, fn the Plane 

(f k>e P^i^eefiort. 

iff. As ifte points df th'eif tAterfedlion at the mid(hip frame are the 
fame afoirethat me;^ ari abaft, rfft need* only d^nsfer them from abaft to 
the fore body. 

2d. Take the height of the breadth ribband upon the ftem in the 
plahe of etevaltidnj and fet It up from I* to 17 in the plane of pfoje<5tibn. 

jd. Divides Ih* diftiaiice betwixt 4 and 17 into four equal parts, Which 
Will %tft the pdintS in the plane bif ^rojfedion, wher6 the intermediate dia- 
gioniais eild on thd ftem. 

AfCbr tbe diagonals are drawn in the plane of the proje^dioi), the rib- 
bands may be laid down in the horizontal plane, and from thence all the 
other frames liiay be laid down in the plane of projedlion, in the very 
iame manner that the horizontal ribbands and the frames for the after- 
iNady were laid down. 



C H A P« 



Digitized by 



Google 






C H A P. VU. 

General Remarks on Ship Building. 

ALL the rules we have hitherto laid down^ coUeded fiY)m the prln*^ 
cipal dimenfions of fhips built by the moft eminent mafters, fhould 
only be fo far regarded as they may aflift the artift io forming the body 
in fuch a manner as to produce eiFedis anfwerable to the fervice for 
which the veiTel is defigned. 

In order to qualify a builder for fuch an iindertaking, it Is necef&ry he 
(hould underftand the nature of fluids, and of fuch bodies as will float 
in the water ; when he has made himfelf acquainted with thefcj I 
would recommend him to Mr Bouguer*s treatife on fhip-building« 

The principal Ratifies belonging to Ships. 

ifl. To be able to carry a good fail, not only becaufe in forming the 
body, the water lines are ^1 fuppofed to be defcribed when a fhip is up-^ 
right in the water, but likewife for doubling a cape, or getting off a 
lee ftiore, which will be impoffible to be done when a fhip lies over in 
the water, this will likewife render her lower tier, if not allher gyns 
ufclcfs, 

2d. A (hip (hould (leer well, and feel the leaft motion of the helm. . 

3d. A fhip (hould carry her lower tier of guns four feet and a hs^% 
or five JFeet out of the water, otherwife a great (hip that cannot open he« 
ports upon a wind, but in fmopth water, may be taken by a fmall one, 
that can make ufe of her guns, or (he muft bare away before the wind, 
to have the ufe of her guns j on which account it will be proper to raife 
the ports higher before than in mid(hips, becaufe the fore part of the 
fhip is often pre(red into the water by carrying fail. 

4th. A (hip (hould be duly poifed, fo ^ not to dive or pitch bard, but 
go fmooth and eafy through the water, rifing to the fea when it runs 
high, and the (hip under her courfes, or lying to under z mainfail, other* 
vi^ifc (he will be in danger of carrying away her mafts, 

5th. A (hip (hould fail well before the wind, large, but chiefly clofe 
hawled,keep a good wind, not fall off to the leeward. 

Now the great difficulty confifts in uniting fo many different qualities 
in one ihip, which feems indeed to be impoflible ; the whole art therefore 
conlifts in forming the body in fuch a manner, that none of thefe qualities 
(hill be entirely deftroyed, and in giving the preference to that which is moft 
required in the particular fervice for which the vt&X is built ^ in order to 

which 
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which it will be neceflary to know, at leaft nearly, what form will give a 
Veflelone of thefe qualities, confidered abftradtly from the reft. 

To make a Ship carry a good Sail. 

A flat floor timber, and fomewhat long, or the lower futtock pretty 
round, a ftreight upper futtock, the top timber to throw the breadth out 
ialoft ; at any rate to carry her main breadth as high as the lower deck : 
how, if the rigging be well adapted to fuch a body, and the upper works 
lightened as much as poflible fo that they all concurr to lower the center 
of gravity, there will be no room to doubt of her carrying a good fail. 

7b make a Ship Steer welly and quickly Anfhver the Helm. 

If the fafliion pieces be well formed, and the tuck carried pretty high j 
the midfliip frame carried pretty forward 5 a confiderable difference ol the 
draught 01 water abaft more than afore, a great rake forward and none 
abaft, a fnug quarer deck and forecaftle, all thefe will make a ftiip fteer 
Wellj but to make her feel the leaft motion of her helm, it v^ill be ne- 
cflary to regard her mafts. There is one thing not to be forgot, that a 
ihip which goes well will certainly fteer well. 

7o make a Ship carry her Guns well out of the Water. 

It is plain that a long floor timber, and not of a great riling, a very 
full midftiip frame, and low tuck with light upper works will make a 
fliip carry her guns high. 

7i make a Ship go fmootbly through the Water without pitching hard. 

A long keel, along floor not to rife to high afore and abaft, the area or 
fpace contained in the fore body, duly proportioned to that of the after 
bcxly, according to the refpedive weights they are to carry ; all thefe are 
neceflary to make a ftiip go fmoothly through the water. 

7i make a Ship keep a good Wind. 

A good length by the keel, not too broad, but pretty deep in the hold, 
which will occaflon her to have a (hort floor timber, and great rifing. 

As fuch a ftiip will meet with great refiftance in the water going over 
the broad fide, and little when going a head, {he will not fall much to the 
leeward. 

Now fome builders imagine that it is not poflible to make a fhip carry 
her guns well ^ carry a good fail } and to be a prime failer^ becaufe it 

woulJ 
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would require a very full bottom to gain lh( |yft %Yf9 %4^i(iff^ vrk^XtM % 
fliarp (hip will l)?ft anAycr for th$ Tatter ; but wbep it is cpnfi(l»r©4 d^ 
a full fhip will carry a great deal more fail than a (harp one, a good 
artifl may fo form the body as to have all thefe three good qualities, and 
iikewife ileer well, for which purpofe I would repoQi^iend foiQewhat 
in length more than has been formerly pra£tifed. 

After what has been faid upon this head, I believe it will no^ bethought 
impofiible to unite all thefe different qualities in ow ihip. fo l;bat. a|| of 
them may be difcerned in fonie degree of eounence, but whei> it hs^ppeny 
otherwife, the fault muft be owing to the builder, who has not applyc4 
himfelf to ftudy the fundamental rules and principles of his art. 

Excepting fome antient builders, who were happily bprn wiU\a natural 
genius, and our moderns, who being Inftrudted in the principles of the 
mathematics, have truly laboured very hard to make a progrefs in the ar^ 
of (hipbuilding, one may, without violating the truth, affirm that the 
greateft part fatisfy themfelves with copying fuch fliips as they efteem 
goodfailors, and it is thefe fervile mechancick methods, which to thegreaj^ 
reproach of the art, ar? but too comnion, that have produced all thefe 
pretended rules of proportion, all thefe methods of dcfcribing the mid- 
fhip frame, and forming the refl of the timbers, which every builder 
endeavours if poflible to conceal and keep wholly in bis own fiimily. 

How low and mean is this ? it is as if a great archite<ft fhould endeavour 
to conceal the proportions of the different orders of architecture, where-?* 
as they are publifhed every tvhere, and fo well known that many can 
raife a very beautifuU porch or triumphal arch ; but tho* the methods of 
defcribing the midfhip frame and forming the r^f^ of the timbers be 
known to mofl apprentices, yet we have but few good mafler builders : 
This requires more than thofe mechanick rules, they fhould at leaft have 
fuch a knowledge of the mathenoatics, phyficks, mechanicks, of the 
nature of folids and fluids, as to be able to difcover what figure would 
procure fome good quality without hazarding or putting a bad one in its place. 

Let us fuppofe one to have a coUedion of draughts of a vafl number 
of fhips, and whofe good and bad qualities have been renuirked with all 
pofTible exa£lne(s, fuch a valuable treafure would be of great ftrvice t6 a 
perfon who could calculate precifely by the draughts where the fault lay, 
and how it might be rectified. For inftance, fuppofe a fhip faila well, 
but carries her guns too low, a builder who is not acquainted with thefe 
principles would raife hw deck, in confequence of which fhe would not 
fail well ; whereas one that could ttSi&Xy calculate how much the re- 
iiibflee of t^e fluid is.diminifhed upon tbus prow, would take great care 
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.toaddnonMCttpf^y of ii)c other puts than he cbuIdfiDil bfan n^ 
calculation might ))e don^ ^^ithoot augmentiog the refiflance in the 
fluids. 

M. Bmguer Yi^ pubKfbed feveiral dfefut problems for making thefe 
calculations, 1K> ^vrhicfa yit refer the reader, and only explain what regards 
the hei^t of the gun ideek^ and the^refiibnce of the fluid, in one ex« 
ample of a 70 gun thii|. 



CHAP. vriL 

T$ hitm ^ ikej>raugbt iw^ bigb a Sbfp wiU cany <ber "Guns m(t uf 

the Water. 

XHIS is onl^to k«owif, when afhip is loaded with all jiertounuhlr 
tions andprovifipns on bciard, and ready to fail, her &atm the water 
hen agree exa<ftly with the; load water line in the df^Qght. 
- It may ht idem onftf|Hed by feveial expenpnents, that any floating body 
of whatfoever figure Will juift fink fo ps in the water as to difplace a 
bulk of water of equal weight wkh kfelf 

Hence it will be nece&ry^ firft to find a method of calculating the ex- 
ad weight ofafl^prcacfyequtpt for fea, aiid, fecondly, tolcnowme exa<ft 
weight.c^.the;waterthe tt^ difplaces» when loadedio the water line in 
the draught. - •. 

In order to the firfl, the esrad weight of all the timber^ iron, lead^ 
mafts, fails, raging, and in ihort of all the materials, men, provifion^, 
and every thing elfe on board the fhip mufl be known. 

It mud be confefled that this is a very laborious tafk* yet the sseal of 
our modern builders has furaaounted 4dl thcfe difficiilties, and got the 
exad weight c^ a fliip of each clafs with all its furniture, and fix months 
|Mt)vifions on board. It virill be fufficient for our purpofe to give the par- 
ticulars, of the two fbliowiqgs, one of 30 and another of 50 guns^ both 
ready equip! for fea, with fix months provifions on board. 
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^ EJimafeof the Weight cf /A^ RENOMEE Frigate of thirty 
: Guns^ with Six Months PrwiJioHSi 

.Weight of the Hull. 

Cybic 
fccct 

Oak tim- J under w. at yili. pcrf. ^640 

ber I above w. at 66 lb. 

T? .. ft r * 7 under water 
Fir at 50/*. per foot j^^^^^^ 

Carved work ^ 

Iron knees and ftandards 

Bolts, rudder irons, chain plates, nsuls 

Lead for the haufe holes & fcuppers 

Locks 

Oakum 

Pitch and Tar 

Taint ■ ' ■■ 

In the Cook room — • 

< Total 

Weight of the Furniture. 



2920 
600 
560 



Under 


Above 


T( 


Dtal 


water 


water 


in Tuns. 


Pounds. 


Poundf. 


Toiii 


Pounds 


406080* 




299* 


860 




192720^ 




30000 


28000 J 


^ 29 


000 




2200 


I 


200 


4200 


7010 


5 


I2IO 


11650 


. 6558 


9 


208 


250 


430 





680 




170 





170 


1200 


1830 


I 


1030 




650 





650 




440 





440 , 




8060 


^ 


000 


453380 


248008 


350 


1388 ^ 



Mafts cotnpleat fet and fpare 

Blocks ._ — ^ ; i V • ' 
Pumps ' ■ 

Cables and Hawfers 
Sails and their Cafes 
Anchors and their Stocks 
Cordage for the rigging 
The miafter*s Stores * 
Boats. -^ i >^' ■■ ■ 



Poundt. 


Ponndi. 


Toni 


Pd> 


3000 


37<5oo 


ao ' 


1 00 


1000 


5444 


2 . 


•444 


1734 


670 


I 


.404 


24444. 


' 


12 . 


444 


4222 


3778 


4 


000 


2611 


6944 


4 


^555 




17282 


8 , 


12,82 


3333 




1 • 


»333 




6666 


? 


666 


40344 


75784 


58. 


I2'8 



Weight of the Provisions, &c. 



Provifions for 6 months for 200 men 

with all their equipage 
Water for two months and a half 

Caiks 

The Captain's table 

Toul 



} 



Under 
water 

Pounds. 


AboVe 
water 

Pounds. 


Total • 
in Tuns. 
Toot Pounds 


245420 




122 1420 


I 00000 
32800 




50 000 
16 800 


15000 


5000 


10 000 


393220 


5000 


199 220 
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Weight of the Officers StoHes.* 





Under 


Above 


Total 




water 


water 


in Tons 




Pounds. 


, Pottidf. 


Tont 1 Pdt 


The Carpenter's Stores 


3000 


.1000 


2 00 


The Caulker's Stores 


1000. 


, 


1000 


The Surgeon's Effedts 


2400 




I 400 


The Pilot's EfFefts 


740 


360 


HOC 


The Chaplain's Effcds 




100 


100 



7140 



1460 



600 



Weight of the Guns and Ammunition. 



IrcmGuhs ■ 

Carriages fitted — 

Balls round and crofs bar 
Balls of one pound ■ 

Powder and Powder Barrels 
Implements for the powder 
Crows, Handfpikes, Gunners Uten* 

fils, and Stores 
' Mufquets, Cutlafles, and Pole Axes 



} 



Under 


Above 


Total 


water 


water 


in Tons 


PoUDdf. 


P a nds. 


Tons Pd$ 




60300 


30 300 




14000 


7 00 


11570^ 


^2430 


7 00 


600 




600 


7^'f. 


112 


3 1220 


1368 


132 


1500 


3200 


1500 


2 700 




900 


900 


23846 


79374 


51 1220 



Weight of thelVfEN and their Equipage, 



Under 
water 
Poundf* 

8 principal Officers and their EfieAs 

200 Men and their EfFe^s 

Total 

Ballast 200000 



Above 
water 
Potmds. 
4000 
40000 



44000 



Total 
in Tons* 
Tons Pounds 
2 00 

20 00 



22 



00 



100 



00 



RECAPS 
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RECAPITUI^ATION. 



TfaeHuU -~ 

TMe Furniture -*i 

The Ptovifioitt — 
Officers Store) — 

Guns and Ammtimcion 
"Wdght of the Men 
BaUaft -*— 



Total 



Under 


Above 


Total 


water 


water 


in Tons. 


Pound*. 


Pounds. 


Tou PonaAi 


453380 


248008 


350 1388 


40344 


75784 


58 128 


393220 


5000 


199 220 


7140 


T460 


4 600 


23846 


79374 


51 I220 




44000 


2« 00 


200000 




100 00 


"17930 


453626 


785 1556 



Jn Efiimate of the Weight of a Frigate of Fifty Guns, with Six Months 

Pravijions. 



The HuU 
The Furnituflc 
Ballaflr 



Guns and Ammthiition 
Pi9THion& I ' * 

Scores — — 

Meaafid thcig Eq u ipay 



Under 
water- 

Pouadt. 

774^70 
98237 

300000 
67960 

639406 
9800 



1909667 



water 

PblUi49. 

769134 
163184 

199320 j 
8000 
2800 
77000 



I 2 1943 8 



Totil 

in. Tons, 
Tom Poiuids 



771 
9t»3 

O' 



1404 
14a I 

oao 
ia«o 
1^400 

6cp 
1000 



1564 1105 



But as all (hips at the fkthe cTals are pretty near the fame dimenfions, 
and have thefiimetnuxnlicr ^f g^as,.&c. we may have the exa£t weight of 
each only by examiiiing the draught of water, and computing the weight 
of that coltima or wuler which ts<lifplaced by the (hip. 

Now if the Intrepide weighs 2718 tuns, fee muft (ink fo far info the 
water iSDihfihasdifplaceda.column pf water containing 734C9TTCublck 
feet, f6r-a cubick foot of faflt water beirtg fuppofcd to weigh 74 lb. the 
73459 Jt will weigh 54^16000 lb. or 2718 tuns, or if (be difglaces 
73459 44 cubick feet of (alt water, wc may thence conclude that (he 
weighs 2718 tuns. 

In like manner, if the weight of the (hip which is to be laid down in 
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the (kiaog^ be kaown;: a% for inftAiiQe; tilatol «.lhip oF 78 gW9» is 2350 
tons^ we may with certainty know if the water line in the drau^t be pro* 
fcsfiy -gkcedp only by reihiciog the bettoin! into cubick feet. 

Toe antient buiklers were unacq^aiotad with the manner of perform* 
Ing this, but oar modem make an exa^ calculation of the contents of 
the bottom before the^ begin to build, whereby they will be fure to 
keep the lower tier of guns well out of the ^mter^ 

If a Chip's body were any regular figure^ the iblid contents of it could 
'ealily be fbund geometrically^ but as the cafe isr quite otherwife, we muft 
be iatisfyed with diyiding it intei feveral pvtSy of which we may have a 
:great number, and they will thereby become fo fmall, that they may, 
without any fenfible error, be efteemed as regular figures,limited by ftreight 
JBnes^ tho* ibme of* Attaafe a^^ally curves* 

In the draug^ of the yowmOup which we have laid down^ the bottona 
Is' divided on the plain of di^vation- into feveral parts, in a vertical way 
by the linea that reprefent the frames ; and in an nori2K>ntal way by the 
water Imei,. (6 that the wholtmay be £Ud|to be divided into fo many 
parallel^pipedQiis, A^B^CD, or a^K^y^% combined betwixt the two 
frames 6 and 7, and limited on the fide A B by a plain fuppofed to be 
cie&ed iKerticaUy HfOn th^ kael, aod on' t:he-^Q(her fide^ by the round of 
theoutfide of tae ihip,at thft height of the breadth water line, or a e. Now 
it is very plain< that the are* of the fiirface, which limits the lower part 
of this fcfid) ia lefa tfatan the area of the fbrface, which limits ^e upper 
part: But if we incnsafe die water Unes^ and frames we may find the folid 
conttnti to % iufficiefltesadkK& for our pwpofe^ 

Nowj in order to find dbe areti of th^ uppee furface A B DC, let 
A C be 16 feet 1 1 inches, and B D ijieet ^ inches i add thefe two, the 
film ia 30 fiset ^ inehea* the half of which ia 2 5 feet two inches and a half, 
and this fiipi muldplyed by A B, whkb fi»pp9f€i 8 fept, the difi^nce bi^ 
twit thd IrameSi t^ prodii4t is lat ftet 9 inches, the area of the upper 
fiir^ice of the paraHelopipedon. 

The area of the lower furface of the parallelopipedon may be found 
after the fame manner, which foppofe 97 feet 4 inches. Now,^ if thefe 
two areas be added together their fum will be 219 it^ the half of which 
is 109 feet 6 inches for the mean area, and this multiplied by 41 ^, the 
diAance betwixt the water lines^ which fuppc^e 4 ibet 4 inches, produces 
474 feet 6 inches cubick^ 

By the fame procefs we may find the folid contents of the other parallo* 
pipeds, and. adding them together, and douUing that fum we fhallhave 

th? 
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:5'4 1 Tojfndbcw high a Ship wll carry her Guns. Chap. Till. 

the fofid content of the vv^hole bottom of the (hip in cttbick feet to a 
fufficient degree of exadlnefs. . . * * * 

I made ufeof this method before Mr Bouguer's Creatife was puUi{he(( 
where there is one which is more convenient and expeditious, for in- 
ftead of finding the area of every firigle furface contained betwixt the 
fFamcs upon the fcdion of a water line, he finds by one operation the 
area of the whole furface formed by the horizontal fedtion or water line, 
except that part intercepted ^bttwixt the aftermoft frame and the poft, 
and the part contained betwixt the the fbremoft frame and the ftem; 
which upon account of the rake muft be meafured fcparately, as alfo all 
that lies betwixt the upperfide of the keel and the firft water line. Hik 
method is as follows: - ; 

Take the lengths of all the lines that reprefent the frames on the hori- 
zontal plane, add all thefe together, excepting the fbremofl and aftermoft, 
of which take only one half of each, fo if it were requiredto find the 
area of the furface formed by a horizontal fe&ion in the plane of the load 
water line, it will be i ZZ+BD+AC+IH-i-LK, &c. +4 XS-f-AB, 
fuppofing AB to be the diftancc betwixt thfc frames ^equally ipaded betwixt 
ZZand NO. . ' ^ J 

To demonftrate this, let it be ccMifidered by' ^hat operation the two 
trapezia ABDC and HI AC arc meafured. Wc obferved in the preceeding 
article that this was performed by adding the length of the lines BD and 
AC together, and then taking half that fum s the length of the lines AC 
and HI, muftjikewife be added together, and the halfof that fum takdn; 
npw it is evident that it will be fame thing to take half the line BD, and 
hdlf the line HI, and the whole line AC, and add all thefe three together, 
becaufe the line AC, is common tO both the trapezia. 
• After the areas of all the water lines are thus found, the folid content 
t>f • the fpace contained betwixt the water lines naay be had by multiplying 
the »area by the diftance between the Wiater lines : But becaufe the areas 
of the two furfaces which limit this part are unequal, a mean area muft 
he founds this is half the fum of the two areas, fo that all that is now to 
be done, is to add the arieas of the water lines into one fum, excepting that 
of the upermoft and lowermoft, of which only one half of each muft be 
taken, and if this fum is multiplied by the diftance betwixt the water line$, 
the produd: will give half the folid content of the bottom, obferving that 
the water lines in the plain of elevation be equally diftant fi-om one 
another. 

The application of this method in finding the cubick feet contained in 
fi 70 gun {hip laid down in the draught. 

The 
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CttlAk^^Bl} Hv find him^bigha.ShipnvUh£drryJxer Guns. S5 

: t" he'^ej^art k divided. into eight; and,the after into nine squal parts, 
befidesthat^ betwixt the aftermoft' timber and thepon:, amd that betwixt 
the foremoft timber and the ftem. . 

The bfottoni is likewife divided into four equal parts by water lines drawn 
parallel to the load water line, all which are formed upon the horizontal 
plane, for it will be very ufeful to know 'the folid content of eachl par- 
ticular part contained betwixt the water lines, alfo to diftinguifli that of the 
fore body jErom; the' after body, whereby we may be enabled to know if 
the weight be duly poifed. We fhall confider all this in the following 
calculation. 

Npte^] there muft be four inches added to each line that reprefents the 
ffamei' pr^e horizoyitd plane for tl{e ihicknefi, of the. planh^ that being 
marly a mean betwixt the tbicknefs of the pumk next the wale, and that 

next the keeL - 

The Area of theUpper Water Line abaft. 

' The breadth of the furface at the load water line, upon the nfi^id(hip| 
frame, a QMs 2^ feet 2 inche?, . 7 " , 1 . . • 

" one naif is ' •■ ^ ■■ - - * ■ ■ . ' 

'"ift Framed , . — — .. — . 

2d: Frame . — ^— • — — '-- — 



Breadth at 



3d Frame 
:4^h Frame' . 
51)1 Frame ' 
6f|htFm;i^p;^, 
7th Efamq , . 
8th Franje 



The oth Fratne X S is \i feet^ inches, one half of which is 
^ ^ * — ' - '■ ' '- Total 
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whidi total doubled is 343 feet 11 inches, and multiplied by 8,^ 
the^iftahcc betwwt- the fraoMSris the'wjiole. arqa of the water > 2751 
line from the mtcMhip-te-the aftofrwip, :in ci^bick feet : , j 

To this muft be added -the area of the trapezium X S L ^ 

Now half ^if the lines X S and L ^ is 10 Feet o Inches 

Di^lanae fetwixt ttecn is . . . 9 9 

Pfodu6b is 97 6 

"/ w J ;! :.!. W . -Yfhich bfing.dodbled is-, 195 



"T- 



Xhe wbole area in cubick feet 2946 



By ufing the fame prpcefs we may find the areas of all the other water 
Jines, and adding. all thefe areas, together excepting that of the firft and 
fifth, ^f .whichiaking.Qnly ppfhalf, multipiy thisfam by 4 feet 5 inches, 
•; . // * ' whicn 
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^6 1^0 find )bm Ingbiii Ship ^Hcarf^ CMJit^VW^ 

vhich IS die dUhnoe betwixt tbein,. vn {hall ham the ai«a to cubiek feet 
of that part of the Hiip abaft the mkUhip fivme^.cootflWfd.fafiUl^ tte 
lower water line^ and load water line. 

feet ioeh-l: fi 

Half the ai^^Qf the Ipiidwattr. line i ■ " . ^4/3 a o p 

Whole area of tluc 4th w^ter lioe ^ .— - — ^— .2510 1.40 

Whole area of thr 34 water line . -— ^ 205a o 4 .0 

Whole area of the 2d water line — ^ 1452 10 J 6 

Half the area of the ift"water Kne ■ > ■ ■ ' . 144 3 .^ o 

. Total , 5j6?8 5 5 » 
Khjitipliedhythc diffanccbetwfattthewiit^^^ * '"'^r ^ 4 ":j: '• q" o 

Prpdidtin cubick feet betwnct the fawer^and load water fenie 3^730 * 1 .3 ^. 
itetwixtdie'lower water Itne and keel • ■ jjj 6 ^ o # 

Keel and poft ■■ ■ -— — 10 1 .B .o ^o o 

Cubick feet abaft the midlhiplrafM underwaftf^wfaenjoaidh^ 1J41 yi 8 4 3 ^ 
CiYbitkft- Miprethei^udJ^Mff frawc under watn, gheotode d gg^a^S ; 6 ;i »« o 

Total cubick feet under water r 631^00 ;2 /^^ 3 ^ 

Multiply by the weightof it cubick fbot of lalt Water ^ — 7 ' pounds 74 

poiindi , tuns. ]b. 

We ^ve e mit t ed the operation fer the fote jHUt^ibrcauie itis per- 
formed exadly by the ikme method wttkdie after part. 

It nmft be obferved that in fitiding the cubick ^et of <hat part contained 
betwixt the lower water line and upper tide of the keel, we muft take 
the heights of aU die fiames intercepted betwixt theie two lines, and di- 
vide then: foxa by the number of fhimes abaf^ the midlhip, the quotient 
^iH be I ibet 9 inches 9 lines. 

. The afea of die lower water Mne is -p^-^mi •«— ^ ^SS ( 4 

The area of the upper fide of the kcd 1 1 y^ 6 o 

Total 368 « 4 

one half is 184 o % 

Area of that part contained betwixtthe lower water lineand keel 333 6 3. 

. The u£b of the preceedtng caktilation is ta know if the load water 
line upon the draught be properly placed. 

It has been found that a iQiip of 70 guns, with every thing on board, 
ihould weigh nearly 2350 tons, which is only 15 tons 1297 pound niore 
than what is found by calculatiflig from die load water line in the dnmghif, 
this dlfi^rence >»*ou]d occafion .the fhip not to draw above one inch more 

water 
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Chap. IX.: OftlH BsJifiatK9 ofFhUs^ S7 

vrater it U not w^b the r^cgaf^iog. Bif t thea by this alculatlon we. 
(liKbom that thsi ihip 4s tpp lean bc£bce; fi;>r whereas the fore part fhould^ 
exceed the after purt by 30 tuqs, we find, by this cakulatioa^ that the after, 
part exceeds the fore part by 15^3 tuna 19^5 pounds. 

Upon this aceouot; we owft ooofider cardfuUy if the taidlhip frame Is 
properly placed; it is here s &et before the middle. If the midibip. 
frame was exaftly in the middle it would augment the weight of the fore. 
part 1 02 tuoa 307 pomids, aod dimini(h that of the after part exa&ly the 
iame quantity, by which means the fore part would be 1 17a tuns 1014. 
pounds, and the af^ part 116% tunsi Now wc may fiU out the fore 
part, fi> as to gain 15 tuns 6^6 pounds, which was defiicient, to make the 
calculation tai^en from the draught ^ree with the ratal we%ht propoied. 
for a Ih^p of 70 guns fitted out for iea, wi^t^ fix months proyifiou oa 
board; and the foro-body will weig^ 25 tuns 1255 poiinda more than the 
after part, which way be judged fiitticient 



C H A ?• IX- 

A method to calculate the Refiftance ef the IFater upon the 

fore Tart of the Ship. \ 

D.AILT Expdrienqe fufficiently proves that the fluids, by their 
inotion, attapk the iblids that 6ppo& them, as bridges, mills, t^c. 
fuch violence as to carry all before them ^ and this is agreeable to 
the very nature of fluids. 

For all fluids are an aflemblage of a prodigious number of fmall folid 
bodies of a globular form, each of whicn being eafily put in motion will. 
a€l: opt>rt any furfacc with the lame force that any other fblid body of the] 
like mafs would do. But as fhefe particles have but a very fmall cohe- 
fion with each other, fluids cannot ad with the lame force as fblids which, 
have their parts united. 

A mais of water of ao cubical feet will not aft with the fame force 
upon the pier of a bridge which oppofes it, as a mafs of ice of the fame^ 
dimenfions; becauie the whole mafs of ice having its parts fb. uqjted to-^ 
gether, that one cannot advance without the other, it gives the. blow with^ 
the united force of all the parts at once, whereas the parts that compole. 
the mais of water, being but flightly united, they cannot aft jointly or in 
concert, and they exert theif force one after another j they indeed luccecd 
one another immediately, and. are a little united by their reciprocal prefl' 

I . fure^ 
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58 Of the Rejifiance of Fhids. Chap. IX^ 

lure ; but as every part has its own peculiar velocity, fb it makes its eC 
fort fingly by itfclf, and, being eafily put in mctioh, ft win be as eafily* 
turned out of its dire&ion, the parts being onFjr retained together by the 
weight of thofc that come next them. - 

Fluids have a corttinual effort, becaufc when a. certain number have 
produced thfeir effeft they are fuccecded by' otftieri as fong as the cur- 
rent lafts. * ^ . ' ' ' . '*' * ' 

Hence it will follow, that when a veffel is left to a current of the ri- 
ver, it can receive no more velocity than the current has^*and its velocity 
will be accelerated till it is equal to that of the current.' 

If, on the contraryi any floating body recdves a niotion in a contrary 
dircftioritof that if t!he eutfenti'it will *bc' 'Continually retarded, till it 
has tionc, and thenlt will chatige itsdircftion to-foUow thatofthe cur.fent. 

We ftiall here- reniairJc, that it "is indifferent whether we afcribe the 
motion to the folid or to the fluid; for the impreffion of the water upon 
the ihip's ftem is the fame when under lail, as when at an anchor, provi- 
ded the motion of the current be equal to that which the fhip acquires 
by failing. •-.! /i A xi T) 

The effort of fluids is as the Iquare of the velocity of the current. 
- It is very- plafn/tl^t the qaorc rapid ^thdf.curreht &,.the .grcfiter. ivil 
the impreffion of the fluid be; iox the parts will then fhock the fblid with 
greater force than when, it runs flowly ; fb that the* force is augmented in 
proportion to the^ velocity. Ag^in, the number of the parte ftf the jtkiid 
that ftrike the Iblid'in any fbace of time. Is in. proportion to the velocity 
of the curreht j for the "fafter it runs the greater will be the number of the" 
partis that ftrike the IblTd in a fp'acc of time ; fb that not only the effort 
of the fluid, but like wife the- number of parts that attack the fblid, is 
augmented in proportion to the velocity of the current, and when.thefc 
two are united, the effort of the fluid will be in a duplicate ratio of the. 
velocity ; fb that if the velocity be doubled, the fhock will be quadrupled. 

Hence, the fafter a fhip goes through the water, the greater will be the 
refiftance ftie meers with, and this will be augmented in a duplicate ratio 
of the velocity wjth which ftie iaijs, 

\ The impreffion of a fluid increafes as the . furfaces which oppofc its 
currwUt. ' * . •' ' ^ Li . • . . , 

it'is ycty plain,'that iF'oncfqrrace. is double another it will receive 
double tlie number of the parts of the fluid, and of confequence the im- 
preffion will be double upon a furface, whoffe area is double the area of 
another furface. Hence thofe fhips whofc midfhip frames have the 
.greateft capacity meet with nioft refiftance. 

' The efforts of fluids will be lef j when the furfaces are in an oblique 
pofition to the current, than when in a perpendicular pofition. 

9laU 
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Ch A p* IXi O/ tke Refiflawt of flu\4f* S9 

PlatiVt. Fig. 7.] Let E A rcprcfcnt the courfe of the fluid fcttlng per- 
pendicularly on any body A B j it is plain, that it receives the inipreffion 
of all the partsof the fluid contained between A and B ; whereas, if the 
point B be moved to D, the parts of the water contained betwixt B and 
G will have no impreflion upon AD. Hence the quantity of the fluid 
which attacks AB is to that which attacks AD as A B is to AG; 
that is, as the radius is to the fine of the angle of incidence £ A D. But 
if there were no other advantage gained by this oblique pofitioo,. than 
being expoied tb fewer parts of the fluid, it would be of very little 
iervice to a fliip which muft have a fufficicnt Breadth, fuppoie A B ; it is 
plain, the number of the parts of the fluid which give the impreflion will 
be the fame, when the fore part of the fliip is in the form of A D B, a| 
when it is flat ki^ the fernv^ of A B ; but the fluid which exerts its .force 
on the iiirikce A D B does not produce the £ime impreflfbn as when ft 
exerts its force oa AB, becaufe'the diredion of each particle of water^ 
which ftrikes any furface obliquely, may be lefblved into two dircdions, 
6ne perpendicular, and tHe other parallel to the plane. 

In order to give Us an idea of compound inoti6ns, and of, the refblution 
of their forces, let usluj^fe two rulers A A and BB, {TJate IV. Fig. j;.} 
iplaced upon a plane at right angles to one another, and a imall ball C jpla* 
ced at the angle of their meeting, it is plain, if we Aide the ruler B d in 
a parallel pofltion to itielf, it will carry the ball G along the edge of the 
ruler A A } but if both the rulers be' made to ilide tc^ether^ £> that they 
ftill pr^fifrve the lame angle, iniuch a manner that when the lukr A A 
arrives at the line' VII, VII, the ruler B B arrives only at the line 3, j. 
It is plain, thel^all wiU'defcribe the diagonal of the parallelogram C, 
VII, D^3« the fides of which will be proportional to the diftance the ru« 
lers have moved, that js, D VII is to D 3 as 3 to 7 ; but if the rulers 
be fuppoftd to be moved equally, ib that when A A arrives at the lino 
VII, VII, BB ftjali arrive at the line 7 7ithe ball will defcribe the 
diagonal C 1? of the fquare C VII, F .7. 

Now, if w^e'fiibftltute any other two agents ih the place of the rulers, 
fuch as two hammers, and both be fuppofed to ftrike the ball with equal 
force at the litoie time, it is plain, the ball will go in the diredion of the 
diagonal C F \ but if the force with which one hammer ftrikes the ball 
be to that by which the othfcr hammer fttjkes the ball, as 7 to 3, then 
the baU will giove in the diredion of the line CD. 
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6o OftbeRtJ^amufPlrndt, Chai^.IIC. 

Ihe frmifal Efi^s ofCm^wttd Motkm. (flutt IV. i%. 6.) 

If two powen G and Baft with eqiiai foreeon the body A, but kk tha 
cottfrury dirediona of the Itnea C A and B Ay the body A will raauio it 
reft; but if one c^ the powesa afta with gjNacer fiwtetbin the othcf^ ^ 
body wfll foUoor the diicaioQ of that wImMi fnodboAiMtm^ dvniaiihed I^ 
the quaority of the finallcr fbfcei 

id. If two powers D and £ aft upon thehody. A ab the filM diredion) 
viz. in the lines. D A and £ Ay the body A will fitUflw the 4iw^»A» <if 
bothy and pafi through the point F» wtit^ fehia oaly 4SSem0K^ that it iviU 
p> with grcatea Telocity when idiB^ed by both powtra ibafi,with ode.. 

3d. Let the two powecs 6 ind H ftHlse the^fctOd A>ilv the dtreaico 
ef the lines G A aadi H A, it wtU: tbanehy Mcdve aLiampoukid motion^ 
the feroe and diiedion of which may be dpie^ by the dingoba^of a 
pacalldogram, aa. was b^ftuw obfitrncd. 

In order to conftnift tUc pafa)kk8vani,.li!hich li «aUed the rtftliaiM 
of the foreaa, let ti^ tiro'p(fcwera G nOi U'he iiipp^lM «q«aiv8n4 ex- 
pK0ed by the IfaMsRA asd QA; &en.th«pMiit ^dmwthc li«ft EG 
eqfual and patattsl to. H A, anA the diaglMMl S A (the tfefuilt of the tw* 
powen aepeeleelied! by the fidea of the paiaUdogfanl H)A' and QA) fhatt 
txpteCa the vetedly and dtfedboil ot the compound motioO'; the dStsA of 
which will- be^ that the body A wiU he-carried to tht point F; Bet fuppo* 
Hag die foaxa uocqeal, and kcthat of H, {fig. 5^ iqpeeteedhy the lim 
H A, be dooblB:tbac«f Gy rcpreftnted fajr the line A Atr^hen from chepoiMi 
R draw the ImrRSje^al aad paiaQel to H<A^whi4h ftaU expfec& the 
force and dinedion ofihd pewec H f aand from lihepeiot H draw the Une H 8 
parallel to R A, which will- exptda< the ftuve and diaefticn <^ the powef 
G ; the diagonal S A expieflea;thc TelpcHy and dtisAien o^the bedf A, 
which will ^aiii thcooghthe point) T, whneaa^.if the powea were c^gtSi 
it would pals through the point F^ 

. It may be> remarked, tlvt twoattra^lre poweie ^iaced<a£ P and Q. 
would produce the fame eflBsd aatwo impuluffe powersat G aadi H,. aad 
tiiat the paraUelogranii ntay be'COoflraAed'on the linea A Q^and^ AP* 

C O N * E Q^U E N C E a 

I ft. The acuter the angle of the diredion of the power is, the nearer 
will they approach to one diredion, and ad with greater force ; fb the 
rciult of G and H is greater than that of K and I, uippofing the powers 
to be equal. , 
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CttAP. IX. Cy ibi 'ktiytana rf Pkids. 6 1 

lA n* gfrtiWk dfeflfof <WcJ jfXHWrt », When tRcy both «a in the 
fame diredion^ mkf th« IdilE'^Mten (hey ad in cMitmry dkeftionfr. 

54 Wften lf«rw eqnal- jKmtrt aA h focft a dtredion that they form an 
an^e of 126 degrees^, as A K and A I j in thia arid in ho other eafi, the 
rt&lt^i^bedqSaltbliieflhglefe^ceof Alot AK!; it 6nly changes the 
diredkiOiJ ; for when the two flowers aajoirit>y» A ^Hl be carried to F, 
whweaa tf K orff aabJ, it wool* be carried to T j or if I only aded, 
A woull be catticd to V- 

4th. If the direction of t^^ pcffttti iftaktf afi angib kfi thiiri 1 20^ de^ 
grees, aa .6 A and 1H A^ they will aHift ofie another ; but if they form an 
angle greatct than^ lao degreeir, as LA and A M, they will be reeipro- 
caBy dioftoiflMd. 

th^tUfiibs rf a^ idation^ imfreffei ifM a B$dy A, in Relation to s 
Sur^MO a by wl^h offofis its Motion. (Plate IV. Fig»^.) 

tfti WHen ft body Urikes a finface obliquely it wiU be with lefs forctf 
than When it ibtlcei \t jyttpendltulatty ; for it may ilrike it fo obliquely m 
oAly t» jgiraajfr AoA^ iCj between the p»pendidu(ar fliock^ which is thi^ 
gfcateft) ttd the oblique^ which aji^roachea neareft to a parallel to the\ 
m^ktt^ tbarti may be an infinite number of dirc£tk)ns, tefs or more ob« 
fi^e^ and the forftde will be ftruck with more or leis force. 

ad. If the two powers are united in D, they will wBt^ in the direction 
prF, with gteat rorce upon ab^ becauie they not only ad jointly, but 
ilk«wiie in a^ perpendicular dire£Hon mxxi the icirface z?^. 

3d, If the two powers be equal in force, and ad in the diredion of the 
lines G A and HA, the body A will alio fall perpendicularly on the 
furlace a b^ but with lefs isto^ than in the firft caie^ becauie of the obli* 
quity of the diredions» 

' 4th, If the power H- have double the force of the power Qy then the 
dircdion will be changed info the line SA^ {Fig. 5^.) and the body will 
ilrike the fuH&ce obliquely in the diredion of tlie line S T, but with 
lefi force than in the iccond cafe, not only on account of the diminution 
of the force of the power G, but alio on account of the obliquity of 
the fhock. 

5th. It will be indilTerent whether the body A receives its impnlfe 
fi^ote one fingle power, or from two, ib that it fhikes the iurface abm^ 
the fame diredion. Hence we fhaU have no occafion to conirder the 
powers which give the motion^ but only the velocity and the diredion in 
which they flrike the forface. 

6ctL It will produce the fame e&d^ whether we change the line of 

diredion 
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direftton^ in- which the body A ftrikesthc {urface ii^,^cs .change the.po- 
iicion of the furface ab in refped of thcline of diicdion* \ ^ 

From what has been faid, it will follow^ that if th<e common effcd of 
two powers ading upon the fame body be known» and alfo the diredion 
and force of one of them, then the diredion and force of the other may 
be found; for let the body C {Fig. 5.) be carried to the poiijt D by the 
adion of two powers, and one repre&nbcd by jthe line C^ VII; draw the 
line D 3 equal and parallel to C, VII, and complta^ the p|ara]lqjlc)gram^ i9 
Audi C 3 exprefs the^ force of the other power. 

The Afplicatian of what has been f aid to the Shock of Fluids. 

We have hitherto conddered the fhock of afblid body 'in different .di- 
redions upon the. furface of another £plid, but we will readily grant that 
fluids do not ad in the Ihocfc in the £ame manner that ^ids do. It is 
very probable, that when a fluid falls perpendicularly upon a furface, 
there is a mafs of water that reds immoveable before the furface, which 
occupies the place of a Iblid body, and has nearly the fame effed as il^ 
the furface was round, ib that the fluid does not attack the body that op- 
pofcs it in a diredion perpendicular to its courfc ; befides, the particles of 
water which attack a furface, whether obliquely or not, may rebound 
and change their diredion, io that the laws of fluids are quite different, 
from the laws of fblids in the fhock. 

The oblique diredion of a particle of water may be refblved into^oncf 
that is perpendicular to the body which oppofcs its courfe^ and.one that 
is parallel to it. 

In order to conftrud.this refolution, {TlatelV.Fig.il.) opon the 
line AG inclined to the current, form the parallelogram AHEF 
(AE reprefenting the velocity and diredion of the current) making E F 
paraller to GA and E H perpendicular to CA. The diagonal E A, 
which reprefcnts a. particle of .water and its velocity, will be thp refult cf 
a motion fuppofed to be produced by two powers, one parallel- ro A C, 
whofe force and diredion is reprelented by EF, the fide of the 
parallelogram. 

Hence it will follow, that when a furface is expofcd to the fhock of a 
c jfrenf, in diflCTent oblique ditcdions, the force of the dired fhock is to that 
of the oblique, as the fquare of the radius is to the fquare of the fine of- 
the oblique angle of incidence *, for the efibrt of the particle E A^ which 
flrikes the body A B, in a perpendicular diredion, is to the effort of the 
fame particle of E A, which ftrikes the body AG in an oblique diredion^r 
asEAisto EH;. but EA. is to EH as AB, the fine of the r^t 
... ^ angle. 
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Angk, is to A G, the fine «f the obUque angle of incidence. Bat it was 
before obferved, that the fum of the particles that ftrike A B is to the 
fum of the particles that ftrike AC as the radius is to the fine of the 
angle of incidence. Hence, by multiplying the effort of one particle, by 
the number of particles that ftrike ABj (that is, the effort of the whole 
water upon A B) and 'multiplying the effort of one particle, by the num- 
iber of particks that hVL upon AC, (that is, the effort of the whole fluid 
upon C A) we fliall hare the following proportion : The effort of the 
whole fluid upon A B is to its effort upon A C as the fquare of the ra* 
dius is to the Iquare of the angle of incidence. 

When the furfaces A B and A D, which oppofe the current A E, are 
unequal (?A^^ tV. Fig. 10.) the quantities of water which ftrike thrfe 
furfaces are as the produft of the furfaces by the fines of the angles of in- 
cidence J from whence we fliall have the following proportion : The ef- 
fort of the fluid upon AD is to that Hpon AB as the fquare of AG, 
the fine pf the angle of incidence multiplied by the lurface A D, is to th^ 
fqoaic of A B the radtas^ multiplied by the furfkre A B. 



) { 



C O N S E QJJ E N C E S. 

I ft, If tv»o equal furfaces, cxpc^ to the fame current, receive its Ihock 
in idiffer^t obliquities^ the knpretiions will be to one another as tfaefq^ares 
of the fines of the angle of incidence. 

2d« . A furfdctf pat^Uel to the current can receive no ihock, becauie there 
is QO angle of incidence- 

. 3d, If two unequal furfaces are expofed to the fame current, the im- 
prelfions. they receive by the ihock in different obliquities, are to one 
another as the produ^ of the Iquares of the fines of the angles of inci^ 
deQce, and of the furfaces ithat feceive the fhock« 

4th. If tW9 equal iiirfaces receive the. ihock of two unequal currents, 
the impreifions will be to one another as the products of the iquarcs of 
the velocities, and of the fquares of the angles of incidence. 
. 5th. If two unequal fiirfaces are expofed to two unequal currents, 
whichj ftrike .tbcm jfith different obliquities, the imprcffions will be to 
one another as the products of the fquares .Of their velocities ; of the 
fquares of the fines; of the angles of incidence;, and of the furfaces.' 

All thefc confequences may be deduced from the preceding principles ; 
it only remains to apply them. 

Let AB {TlatilW. Fig. 4^) reprefent the extreme breadth of a 
yefiel,. and let ^tbe (qitc part be formed according to the angles A C£, 
or A F 3> or ALB. In order to find the efforts of the fluid, fuppo- 

fing 
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fiog thp velocity* aQ4 diroftioa to be the fytxit, 9nd p^r^flfcl to the k^ 
in the three caics( upoa tha middle Qf the Un^ 'AB^ erect the per^ 
pendicular EL, which will pais thropgh th$ tops of all Che triangles; 
then to find the fipes of the angles of incidence, with the r^ius A B de^ 
fcribe two arches AF and B F to iiicer&ct one 0901^ in the vertex of 
the equilateral triangle \ the arches will interfcct ttiu; iSdes of the angle, 
that is kfs than iq degrees \ but nottbo fid^ of that which is more tfaaft 
60 degrees, produce one of the fides from <2 to M (Pi^f IV, lig. 4.) 
Laftly, let fall the perpendiculars M D, FE, PK, vpon th* Jiiie AB^ 
from all the points where (he trche? interfect, either the fides ctf the tri^ 
angles, or the fides that arc produced. So (hall A E^ A D, and A K, re* 
prefent the fipes of the angles of incidence upon the different triaiiglQe 
AFB, ACB, and ALB^ 

It will be eafier to obferve, that the effort of the fluid upon the iotira 
£>re parts A C B, AFB, or AXiB» is to the effort upon the extreme 
breadth, as the cffott upon AC, A F, or A L, i^ to tbe ejGfort upon A £ ; 
but it was proved befp'^ that ^e ienpvdSons mceiied by two uoeqiial 
furfaces, oppofed to the direction of a current, are as the fquares of the 
fines of the angles of inctdeiiee multiplied by the fi)r%:es, fb, in this cafi^ 
the imprefiion on AC will be to that on AE,, or (which is the fame 
thing) the impreiGon on A C B will be to that on A B, as the iquare of 
A D, the fine c^the angle of incidence multipiied by A CB, is to the 
iquare of the radius multiplied by *A & 

We have alfo the effbit on A F B to the effort dti AB ; as APB, 
multiplied by the fquare of AE, the fine of the angle of incidence, k to 
A B^ multiplied by the fquare of A B the radius* This proportion would 
ihew the effort of the fluid upon the prow A PB, in a perpendicular di« 
r^e£tion to the fides A F and JB F, which would be very uieful, if it were 
required to determine the dimenfions of the timber, that is, to refift that 
preiliirc of watery but in i:he present caie, where only the relative effort 
upon the prow is confid^red in the direction of the keel, we mqft form 
another re£)lutioa Let then C D {Fig. 8) represent tbe efibrt upon F B, per« 
pendicular to that fur face, if from the point F we let fall the perpendicu- 
lar D H, and compleat the paratklogram G C D H, C G (hall reprefoie 
the relative effort upon the prow in the dtiedion of the keel, lb the 
whole effort upon F'B, may be repreftnted by FB multiplied by the 
fquare of the angle of incidence, which is to the relative effc)rt as FB is 
to EB: The relative effort then is equal to the fquare of the fine of 
the angle of incidence multiplied by E B, or by the fum of the particles 
which fall upon F B ; ib to find the relative effi>rt on F B, we muft 

multiply 
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vpxtAi^Y sMt £|uittfof k\ii& tt}^ ic^ Incidehee bjr tl^ pcojeakm 6f the 
jrianeP'B upott the b«fcfi|''£'B. - - ' • 

.Thoi thk methoci ^atmbt b» ttuly applied but to reiftUmeal triaftgies; 
3Fttr faf ctmdiflg carves' iritb'a tiumbier el finalF parts, each: may be con» 
&kred, widio^t 40jr fehdbfti ^fp(-, -as a ftrrit line. M.^Sffz/^rrmakei 
«&(€)tik» method! <jf^ftpi<<>si(iinatidii td ^ Ifafficient degree of eitiADers.' 
What we hfltt-affettdr »^ -upoiv that h^. It- is -tob^hppeci^.'tvilA' ^cri 
Utau»thfl( 4itfccft>tk>tv-t<»><fb^h'afi fto^eoiily.ftfi^ht Icnowiedge of the ma<; 
th«tnatifis ; fix that is^H that i-enlaffRs now is to amty this^ to the draught 
of ft (hi^ of ypi'guifi) whitb has beet) already .iai)d.doMrp. 

— ■ . • . , . . . , • . 1 1 * 

^ Cakuktioh cf4h&^R^JlAfk:e ?f » Phiittiport'jbe Ptow ^tbt0p,^j6 
\ 'Ctumy wbickni^bk^e-Jifid Jinvk'in a dfaigbi compared "with the Effort 
' $f the fame Fluid upon the Area if tke Midfhip F^ . 

As tKe' operaliofis ar^ ta be perfora^d upgi;! tke plane oi proje&bn 
^fiforp ]^id dowyL kH the'fraxnca iH' the fore parj i^ft t)€i exa^llyfottied 
as beftfie'ih jF^ii/<|l/ia order ta which it will t^jg^oeflfery. toiinflkd 
Y^'ptiijlj^rger icc^If, «.ui P/^/e V. * ; ; . - ; 

It wilTbc very convenient to draw the water lines. I, 11, JII, ^4:. and 
the frames. JL,. 2> 3^ €9"^::. to the midihip fiaooera^: equ^diftaoces fi-om.^ne 
aflotlier^ . . 

\ tt Is plain> that ih^ water Hoes apd framcs^ivide the prow into trapes 
zia, fUcli.as ra^ S^, jr, .&c* corre4x>ndiog to the tt^pe^ztum ^ 4, and 
parallelogram adm the plane of elevation Tlate IL 

It will be necefTary to obferve^ that there muft be fp (naiiy water lines 
^M^d frames thai the~ linps. %a^ yb^ ic^ &c. which arc curvesj jnajr be 
cffeemed ftrait liws. • . 

W?.xnuft draw the diagonals ra^Sd^ yc^ &c. dhrdugh ithe trapezia ; 
put we may take tv^o trapezia at once near to the midihips> bccaufe the 
0ijps £des are th/ece nearly parallel to the current. 

It wilMikewife be proper to obferve that thefe diagonals are the pro 
jp^ioru of the diagonals of the paraUdograms reprefeQted upon the. pkne 
of elevation, at leaft, on the furface o£ thCi&np 3 as for inftaacet the dia^ 
gonal 8 .^> oa the plane of the projed^on, i^ the proje^tioo of t3:ie diagpnal 
S J drawn on the plane of elevation. 

Thefe diagonals divide the prow into the triangles i, 2, 3,.4, &c. which 
firike the fluid with dif&rent degrees of obliquity. 

We have not the ^entire areas of thefe triangles, by rcafon of the cwiog 
of tjie prow, btJt only their projection on the midftiip frame ; but this is 
all we want, for the fum of all the particles of water that flrike the tri* 

K. angles 
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angkfi are proportioned to the triangle pro)c^4 'im^e mid£bip frames 
Gnce the water that tianges alone each triangle Aa)r be coniidered as a 
triangular prifm, the bafe of whicH is equal to the triangle rai^Fig. i, 
Tlate V. and this was the thing m queftion. Mr. JS^^er propofes to cak 
(pulate the effort of the fluid on each triangle^ their fitni will give the ihodc 
of the water upon the whole prow^ ^d compfuc this to. tnt BStnk of tbo 
fluid upon a furj&ce parallel to the arqt of the oudfliip framei 

To attain this Mr, Bmguer lets fall perpendiculars to everjr fiame, 
ii-om the angles formed at the interfe<ftion of the water lines and the diai* 

fonals that were drawn to form the triangle ; for infbnce, upon the frame 
, the perpendiculars/^ and r/; upon the frame 78, the perpendicular 
Sm on one fide, and the perpendicular n r on the other fide ; Sfc. 

This method requires that there be as many right angled triangles 
formed as there are triangles on the prow, and as there muft be a great 
number of them, it will be neceflary to find fome method of forming 
them. The following feems to me to be the moA: expeditious. 
V Draw two parallel lines B D and CR; let the difbnce betwixt them 
be equal to that betwixt the frames on the plane of elevation , and by this 
one operation we have the height of aH the triangles that are contained 
betwbct the parallels. ' 

As the bafe of all the redangles fhould he equal t(y the perpendicular 
of the correfponding triangle of the prow, we mav fbt oiF the length of 
each perpendicular upon the parallel C R ; fo fhafl C H Fig. 2, be eouat 
to rp^ Fig. I; HLjJRr^. J, equal to itf, Fig. i; LEoaual to 8M, flfr. 
to compleat the triangles, draw the perpendiculars H N, L M, and the 
hypothenufcs D H, N L, Gfr. " 

If one of thefe rectangles be confidered (ingly; D H may reprefent the 
radius, and C H will be the fine of the angle of incidence. 

All theie triangles being defcribed, we may begin to find their areas on 
the plane of thcprc^edion, becatife it is upon this that' the relative impulfe 
in the diredlion of the keel depends, whlcih is the thing now required, as 
was before obferved. 

The furface of a triangle is found by multiplying half the bale by the^ 
perpendicular, fo the furfece of the triangle r, ^, 8, will be the produd of 
the perpendicular r/, (equal to C H) multiplied by half the bafe a 8, and 
this will be the fum of all the particles which flrike the triangle r^ j, 8, 
which is an element* of the prow of the fhip. 

In order to find the relative force of the fluid in the diredion of the 
keel «i that part of the bottom correfponding to the triangle r, tf, 8, it is 

only 
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^HT^ miiltiplying tKe futfatit of the triangle by the Square of the fine of 
the incideAce^ in. place of muitiplying it by the (quare of the radius^ 
" which would give the impulfe tlie triangle would receive from the water 
in A perpendicular dire^^ioa s now if we divide this unpulfe by the oblique 
ooe» the quotient will give thequan^ty that the impulfe is diminifhed by 
the ofaliqiiiQr of i<be prQW 1 but there will, be.no occafion for this ]aft flep» 
for as the fumof aUthe produ^ of the triangles multiplied by the fquare 
of the radius, givca thecf&rt of the fluid upon the midfhip frame ; the 
direA effort may be foupd by multiplying the area of the mid(hip frame 
by the iquare of iJM radius, and if t|iis be divided l^y the fum of the pro- 
duds- of aU the tciangles multiplied by the fquaresof the fines of the an- 
gles of i9«i4enoe;on.ea€h b-iangle^ we (hall know the diminution of the 
refiftance wluch the {irow ineets with in proportion to that of the mid- 
(hfp frame. 

k would be almoft impradicabl to multiply the furface of each trian- 
gle by the (quare of the fine of the angle of incidence, upon which account 
Mr .S^^^r fubftituted prbportibnat lines in place of the fquares of the 
fines, >^ic^ we ihajlnpw.exf^in.. 

; Jt was bt^ore obferv^d, t^at^ X> H be the radius, C H will be the 
fine of the angle of incidence. . 

If we let fiiU the perpendioular CO upon the line D H, we (hall have 
the triangle DCH fioiilar to DOCj fo taking the equal lines CD^ 
and N H for the mdibs, C O will be the fine of the angle of incidence. 

- If we draw O P perpendicular to D C, the triangles D O C and C O P 
inrlll be fimihr, therefore the triangles DCH and COP will be fimilar, 
and DH is to CH as OC to CPj but DH is to CH as DC to 
CO, and. by multiplying thefe two proportions, the fquare of *D H will 
be to the fquare CH asDCistoPC> that is, if DC reprefent the 
fquare of the radius, P C will be the ibqare of the iinp of the angle of in- 
cidence CDH. So the lines CP,^iIQ, LG, tSc. give the tauares of 
the fines of the angles of incidence in the triangles 1,2,^, &r, wnich are 
to be multiplied by the furfiices of the triangles; and the par^lels DC, 
'N H, &c. always repre&nt the radius. 
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We mud In the next place fin4 the 4ifC^:«£Ebrt of the water upoatlfe 
area of the midfhip frame^ by multiplying the area by the fquare of the 
radius. 
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6 p te It A T J o isr. 

Hatfthe^tW^ftrHtter-VI rii * ^. 

The whole 5th water line V 20. o o ^ 

The 4th v»ter ItM '^f^ S ^ 

The jd wat^r lin^. rt i o 

The xd ijfatcr line v^ xi 6 

Tlie ift' water line . ji o o 

The breadth of the keel 000 

- Totol 95 9 6 

Multiplied by the diftaaoe betwixt the water } 
Kncs, whia\is i ' 

' Produd is the area of the midfliip fratifc jdj 4 i 

Multiplied by ^t diftance^ betwixt the frames 800 

Produft2426 8 8 

T]u9 being divided b;r 249 : 10^ 11, the famDf the ^oits of the fluid 

upon the triangb^ of the prO^$ th^ q«o(ieiit is^ A, itdiich fliews that 

tbe cfibft of i!he fluid upon the prow i$ to that mpwi thfe midfhip frame 

^ftl t k to^^» wluchis a fqificieot diminution of the ^efiftaace for,:a 

^\^<ii this iorce. Hence we may eonchide that the Ureter Jioes in tbe 

<foi«4wdy are well fwnfied, but a frigaie Will it^uin: mtae dtDwratiott^ 

f^ Will appear b|r due following exampk*. 

!, Tha MiVanf. M^^to i, a very bad failcsr. 

The Tigre^ as 5 to i^ a company keeper. .i 

A fhip of 50 guns, defigned by M. Boyer^ but not' built, as S to i. 

The Monarque^ .<^f 74 guns, bulk by M. VUivier in 1745. as 9 t to i. 
, .Th^Palme^ of iz guns, 4 lb. (hot, built by M. OUivierm 174^ as 
' rj-l-.to.j. \ ., . 

' ^Thc^aV, of 64 gun$, by Mr Ottmer^zt Brep 1741, as 6^ to i, 
• .Tlje 'Renomme^ built at JBrg/? by Mr Defalieurs 1744, as 10 to j. — this 
/hip, l)y the account of the captians, was a very jGine iailer. 

Th^ Badiniy .6 guns of 3 lb. fhot, as 7 t to i. 

lihcipMtbere^ of 20 guns^ 61b. (hot, as 10 i to i. ^ 

The Jmazon^ of 44 guns^ built by M. Bldije^ Pen^aloty as 8 I to j, 
^ Thc^y^r^^,. built by M. J&ilrV, as 5 A to i. 
, The Amtine, of 24 guns, built by M. Gefroi /Cenior, ^ 10 ^ to i. | 

We* have compared the efforts of the fluid upon the prow of eac^ 
(hip, with that upon a plane, equal to the area of the* midfhip frame. 

It will be proper alfo to gamine if tbe tcflftance in thofe be lefs than 
in (hips whicn are known to be go<}d failers } but it may happen that a 

flup. 
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yo Of tht Rejiftance of Bluuts. Chaf- IJt. 

Ihip, whofe midfhip frame has a fmall area, may meet with little refif- 
tance, tho^ her prow be not diminiflied in proportion to that of her mid- 
(hip firame^ (b it will not be fufEcient to know this proportion only, to 
be aifured whether or not the (hip will be a fine fallen We mu(l alio 
compare the areas of the mid(hip frames, and not reft (atisfied with com«* 
paring the efforts of the fluid ; upon the prow of the ihip we have laid 
down, with that upon the prow of a fhip of the iame rate, which has 
gained a good charaAen 

The firft Example of Comparifon. . 

We kaow that the area of the midfliip fi-ame of the 70 gun fhip, wc 
have laid down, is 6ofr: 8:2, and that the effort of the fluid upon the 
prow is to that on the midfhip frame as i is to 9 A* Now if another 
ihip of the fame rate has the area of her midfhip fi'ame 7 or 800 feet, 
fuDpoHng the fails, and every thing thai may contribute to failing^ to be 
alilce in both ; it is plain this laift cannot fail (o well a^ that we £ive laid 
down, and by this example, it is very plain, that if we would calculate 
which of two fhips would fail beft, we muft, after finding how much the 
refiflanoe of the fluid upon the midfhip frame of each is diminifhed by 
• the form of their prows; alfo compare the areas of their midfhip framet^^ 
that we 4nay know which of the two has the greateft piafi of water to 
difplace; but if it was only required to know, which of two fhips of the 
fame rate would fail beft, it would be fufficient to compare the efforts of 
fluids upon their prows. 

Itbe fecond Example of Compartfm^ 

We have found by the calculation, that the effort of the fluid upon the 
prow of, our fhip of 70 guns, is 240 : 10 : i ( : 7 ; but if bv a like calcu- 
fation we find tne refiftance upon tne prow of a fhip of tne fame force, 
and carrying the fame quantity of fail, to be 300 leet, we may thence 
conclude that ours will fail beft. 

It will be proper to examine, by the fame calculation, whether the (hip 
we have, laid down, can carry a good fail, drive but litttle to the leewara, 
and fteer well ; but as this treatife has alieady exceeded the bounds I pro* 
pofed, I am forced to. confine myfelf to the two preceding condition^ 
whith are the moft important. The methods to find the other qualida 
of the fhips we lay down, may be found in Mr Bougtar's treatife. 

! FINIS. 
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An Explication 2if./i&^';^0M#.^ Chai^ct^s made ufe ef in this 

T&EATISE. 

SioNs. Names. ' Significations. 

5 The fign of addition, 88 3 4~ 5* *^ | -'more 5, 
that ky the character TJ-'ptaced betveeeh any two 
orfliore figures, fignifiev«hfit they jire t9.be added 
into one fcm. • 

Mmnc or-fefef ^^® ^8" of fubtTaaiop, as 5 — ^ is 5 lefs 3, 

- Minus, orlcft ( and .fignifies that 3 is to beitakon from 5. 

>. Multipliedbyf^^^j^l^jfy"^^^^^^ ^ 5 ^ i>.fiS^' 

— Divided bv i '^^ ^^ ^^ divifipn, ^ 8-5-4, figrilfics 8 di- 

*r ^T%e fign of equality^ that is when thbis placed 

'"be^xt numbers or quaptiSes, it Ggfii&^ibsx they 

S3 Equal to < art roqual. as 5 + 3 = 8>- » lOr- 2 ^15:5 + 3, 

^ ^thttt is, 5 more 3, is^i][liai'to 8> wd lojels 2, is 

^€qud to 5 more 3. 
Y ^^^ %" fimufarity t)f rstio. It;is al^^s placed 
So is < betwixt the two midcAe <ertns or tiumbdrjs in pro- 
•• jpvlbn, thu83 :9;.fi 1&:.24, thatls, as 3 is to 9, 

tli}is"8 to 24. 

^. Sine. 

T. Tangent, 

^ec. Secant. * : 

S. c. Sine complement 

T. c tangent conipteinent. 

Sec. c'Secant complement. * 

H. H]npothenufe. j" 

B. Bate. ' • - ! ! 

P. Perpendicular. ^ 
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Fig I. 

^«g6,7>8,9, 10- 
, Example 
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BEND 
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floor 
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read - 

the bodf plane 

ribbands 

See Plate VII. where Aecurves 

here defined are dUtiagaiibed 

by their initial letters. 
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Bend Mould 

Hollow mould 

floor timbers 
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s and / 
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MiRtSt' 
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line 
NL 
H^ 
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Gft^.Cl^^lSxAB ' 
Plaficfltr.Fig-ii. 
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it VhcXi "(brce and 'direction ib 
reprcfentta by die Qne £ H. ] 









Where the Rercr^ii^Ttb<the Plates are inmHHi in f^ 11. ScJt Plate VIL 
and in the Appendix, ^4^1ate t» 
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